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Abstract

Motivation:

In order to deal with the impact of climate change on the coast, discussions on disaster
prevention strategies and impact assessments are needed. This project focuses on case studies
for coastal resilience disaster prevention and domestic historical disaster, and scenario
analysis and impact assessment for climate change. Besides, the overseas coastal resilience
disaster prevention, the specific suggestions for Taiwan, the collection of domestic history
disaster case data, are analyzed. It is also necessary to collect and analyze the climate change
conditions, to cooperate with numerical models for impact assessment simulation, and

implement the redrawing of coastal risk maps. The current report is described below:

Methodology:

According to the requirements of the project, ‘collecting and analysis of coastal disaster
prevention cases in foreign countries’, ‘collecting data on historical coastal disasters in
Taiwan’, ‘climate change situation analysis’, ‘evaluation of impact of climate change on
coastal disasters’, ‘climate change risk assessment of lower coastal disasters’ and ‘evaluation
of impact of climate change impacts on coastal resilience’ are implemented. The main
structure of the plan can be divided into four parts, that are ‘background data collection’,
‘situation analysis and impact assessment operation’, ‘coast disaster risk evaluation operation’
and ‘coast resilience impact assessment’. In this two-year project, the first part will collect
and analyze the two cases and propose specific suggestions for Taiwan. The second part will
collect and analyze according to the pre-climate change conditions, and propose the climate

change scenarios for ocean and rainfall.

Achievement:

1. The coastal resilience from the United States, Japan, New Zealand, and the Netherlands
are collected. The Netherlands is selected this year. It can be known from the literature
that the Dutch water treatment plan is Delta Works. The early method was to close most of
the tidal inlets to resist seawater intrusion into the inland, but disasters still happen due to

the impact of the storm. As a result, the method changes from ‘resist’ to ‘making room for
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the river’. The delta alliance has developed a resilience wheel method to assess the
resilience of a city. It also applies this method to Rotterdam. Based on the characteristics
of coastal cities, it develops an index to assess resilience. In addition to the collection and
analysis of the assessment method, there is also a compilation of data on the improvement
measures currently implemented by the Netherlands for the improvement of coastal
resilience. Finally, the recommendations for the current assessment method in Taiwan to

include the resilience index is proposed.

In addition to the collection and analysis of foreign cases, this plan also collects and
analyzes data on domestic historical disasters. Presently, disaster events have been
aggregated and analyzed to understand the major factor causing disasters. Besides, the
collection of relevant background information of each project area is also important.
Therefore, the coast of the project area and the natural environment background are
collected to provide numerical modeling and verification. In addition, referring to the
aforementioned foreign case, we will collect domestic and coastal resilience improvement
related data for improving the demonstration area in the second year. Collecting relevant

data includes seawall data, flood prevention facilities, and water control measures.

In terms of analysis of climate change situation conditions, there have been collection and
analysis of ocean and rainfall scenario factors. The former mainly collect GCM climate
change data and then use numerical simulation analysis and statistical downscaling
analysis to establish climate change conditions. The later applied TCCIP’s statistical
downscaling rainfall data to formulate climate change situation conditions, and the two
factors are aggregated to formulate this plan to consider the climate change situation. In
terms of ocean conditions, the design wave height, the storm surge, and the sea level rise.
Moreover, the design wave height and the storm surge are considered a 50-year return
period. The increment value due to climate change is used to establish the conditions.
Besides, the tidal energy method is used to establish representative tidal patterns in each
area, and the scenario is formulated in accordance with the storm surge. At the same time,
the sea level rise data evaluated from the Institute of Transportation, MOTC s
introduced as the initial water level conditions. In terms of rainfall, we obtained statistical

downscaling daily rainfall data in the base period and near future with a resolution of 5



km, and further analyzed the spatial distribution of the 5 GCM rainfall patterns in the

50-year return period through frequency analysis, and adopted BCC-CSM1 as a scenario.

. The plan has implemented the ocean and flooding models and conducted verification

through event data (typhoon Megi and 823 flood events). Using the adjusted numerical

model to evaluate the impact of climate change in each project area. The ocean model

considered the base period and near future storm surge conditions to provide downstream

boundaries for the flooding model. Then, the disaster impact assessment will be

completed by the flooding model. The results show:

The flooding area due to storm surge is not large, and it is mostly concentrated in
the fish salamanders near the coast, especially in the coastal areas of Taixi Township
and Kouhu Township of Yunlin County, and Dongshi Township and Budai Town of
Chiayi County. The flooding area and inundation depth of the base period are
slightly larger than those in the near future scenario, and the increase in the area of
Wanggong Fishing Port in Fangyuan Township, Changhua County, Guangxi Village,
Kouhu Township, Yunlin County, and Luangang Township, Dongshi Township,
Chiayi County, is more significant, indicating the sea level rise in the near future
scenario will increase the tidal level during storms, which will cause the flooding in

some specific areas along the coast to be slightly more serious.

Considering the effects of rainfall and storm surge simultaneously, the flooding
around rivers and regional drainage have increased significantly. Among them,
Beigang, Puzi, and Pa-Chang rivers are the most obvious. The flooding area in the
mountains near Beigang Township of Yunlin County and the Xinzhuang Village in

Yizhu Township of Chiayi County increased greatly.

Under the simultaneous influence of rainfall and storm surge, the reason for the
drastic increase in flooding should be that the downstream water levels of the river
and the drainage system are supported by the storm surge, and the drainage capacity
is greatly reduced. At the same time, if rainfall occurs in flat areas, the ground
surface current cannot be smoothly discharged into the zonal discharge, and
eventually the scope, depth, and time delay of internal flooding increase

simultaneously.
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Taking into account the impact of the current environment and climate change, a map of
coastal disaster risk in the base period and near-future scenarios is drawn. Among them, the
wave height in front of the dike and the flood in the hazard are also updated based on the
simulation results of this plan, and the storm surge flood factor is also given in consideration
of the existing seawall conditions to facilitate the mapping to derive the current situation

coastal risk map.

Keywords: climate change, coastal risk assessment, coastal resilience
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@ AN |R[ANel3 Bouncing back & building beyond.

PLAN & BUILD RESILIENCE DISASTER STRIKES RESPOND RECOVER
Develop and implement plan Disasters can be imminent il on Assess resilience and
to become more resilient. or strike unexpectedly. i . manage adaptively.

improving forecasts, ob- assessing damage to com-
servation models, com- munities, economy, and
puter systems. environment

/ 2 issuing grants to rebuild
/| andrestore habitat

coastalstogms and ‘
huukﬁt,g'v "U.’.,w
(4 & ¥

2

-
’

Assess resilience and begin planning for the next disaster. ¢
Building resilience is an iterative process.
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% BB RIEY
o | EURERETGHIED SIS - (ETTE SR - VB ST
SeH -

APERE | ALPEEBUR TR 200652 HAR A0 YRR SRS - LIRS Rt - fRHUBRIIERTI LIS -

BEILRFEPER > (RN EME - ST ERIA R EIMRE] - BRIMRHEHINE S LAY

TR | RIF ~ REIRIRII - S EEATHTY - BR IR E R BRI -

P T =T DL E RE RS o D S KB K EE R S SRS - M HEE R 5
| BHHR KRR B AR AT TR EAR B - ATAEAR DA /KERIS AL (AT | " BUK St ) By 4
R TEMK




CHAE

HAR T TEF2 NOBESE - HS (b aB R - 2
WA R BRI R A 6 o AR BUM R 32 R T A1 73 R =R © TR EIskeY
m I 5 PR B LI 52 T ~ TR eI B K~ TR EREAEDR o DU B H AR
BITEAH R TR -

LEET RfEET EEMBAR: > 61 0 B L5REE% - EEE MHEEETOL - HiEH
OE ~ BAKEHIE  BOUES -

2t S B REERIE ©

SHEFTIL R R ORIRAVEUIT -

4 EBUCERT  ZHRARE ~ BRETDUR SE AR & -

SEITRRENERRHAETE -

H AN G 8 FRLIFA0E S 48 TAR AN E - B P2 19784 B 4

ATHEHIRE ~ 20113 HACKMIE - ERGERYIBERU R A SEGT - N AEBER
FE S - Al & T BUR i D T 3% BT Ry 5 S 3R 52 D T (Disaster-resilient

environment-friendly city) » = {[ F ZAVEEE 7 1q) F (KR (Low carbon) ~ 'H E(Ease of
living) L &[5 S [1{8 ) (Disaster resilience) » H&& e 77 A& (X1 [E2-1-3F7R)

R20TTAE3 1B HACK IR S [3806004 > BRIl & 1 2 NIE T Rkt - Bla
1973 S TRl S B Ry iR/ i - LI S SR i T [ (402 1-4 P77 = Al IS 651
SN

LI = B =12 (elevated road)
il s a7 B A2 (AE2-1-5F7R) » [SEERSFE 2T S AR IIAE -
2 FEFA P MDA R S e A

(IE TS HRBIEDT St - DT SR AT - A BT
B AR RERAT » WS — BSR4 A 108015 3 R/
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filia TR & R A - Ho et Bl & = N 22 M DR Y & e A 40
THRRETAE o AIME2-1-TRR o PRV INERS MRS =SNG AERE - FR I E RTA(E
F > ANiE2-1-8F7 © Il & H7RELRA A 2N ] % 5 T et AR et S P (o F s

4 ST B S [ I A

PRI SRS AR > IR R R AAUERS WA R - RS
SR B (A1 2- 1-9FT)

5.5 EER
finBh 6 2 e & J o= B A 22 HoAth M & - SRt Fo R B i KB il -

Experiences and

lessons learned from Disaster Disaster recovery efforts

post-disaster resilience . g:zt;ggg the livelihood of people affected by the
recovery Resilience « Multiple defenses against tsunamis

Recovery capacity

= Agricultural rehabilitation and green regeneration
Disaster prevention and o
environment-focused urban development
‘i ster-Resilient + Developing resilient infrastructure
an

- = A city with self-sustaining energy
\"JP""“F n'luar Y * Building a low carbon city

a secure I.I ure

History of building an
environmental city of
Sendai —the City of
Trees

Disaster prevention and environment-focused
*human capacity building’

>

» Educating people on disaster prevention
* Improving community resilience
« Disaster recovery memorial

Sharing information throughout
Japan and the world Promotion of exchange activities and
economic investments

Contributing to world’s disaster prevention culture

and establishing a city brand (>

FRPAOR ¢ i 1 S B RERE S A R
[&2-1-3 & RIRs SRR AT i B S8 5 [ el

Cross—section view
(conceptual image)

< Defense against a tsunami of the largest scale

Defense against a tsunami that occurs once every few decades

Residential 3 to once every hundred years or more
area A = Inland relocation glekekkekelelll

Sendai A . . ..o Evacuation hills JCoastal disaster
Tobu Road * Shiogama-Watari* I
*Prefectural Road* s
o
Elevated road

BRS¢ 16 S B BB S B A
[E2-1-4 il s 2 B (3t 2 75 SKE SRl i e ]

Teizan canal
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FRPAOR ¢ i S B RERE S A R
[&2-1-5 Al &amiemaks st e E

Sports zone in Gamo area

Conceptual image of a ‘evacuation hilks’

FORIR + AT S R T A
[E2-1-6 A AREERE ISR E

FORVIOR © lifa T S B R AT T A
@2-1-7 EEERATE [E2-1-8  ER/INE A MRS
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Bird's-eye view map

“ujifsuka area

Photo taken in September 2015

Coastal embankment, river ) hill ‘ facil
— mbariianent. atc w— Elovated r0ad Evacuation hills Evacuation facilities
B Coastal disaster prevention Disaster risk area (Inland [ intand relocated residential area
forest relocation)
- Evacuation roads «ff =~~~ Disaster prevention collective relocation movements i Evacuation stairs

FORIR + A T S R T A
[&2-1-9 L& T BRAERHE e i R S

.~ 4PERE

SHPEREEUT Y2006 FH2 RS20/ /R 5REE » H 5 " New Plymouth District
AR RE-— (85 ~ RRERR » B ANBLIERIEFT R P EHYME - | $1%New Plymouth
Districtf75 50/ ([l EZER 7 R R R ~ SORSEE « FLpit st ~ #h5a80E
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APHREBUR $HTETE YR TR - et B rahir(Oakura) M1 S 85 5 1 (Urenui)ith
EAIEEARKETS > HitERaETEE g EEHE DRSS - UMt
HER AN SRS A G R B B
1B vt
B e PRI e I (A0 812-2- 10FT7R) » B SE IS TRl o Ry AT 2638

(D FM = B Ry B B2 Y 22 % (Ahu- Ahu RD ~ Wairau  RD) 5k 2 i R4S 175 7] (off
shore reef structure) » DU IER#ERT B 230D Frld ik 2[5 5 23R 5T -

(QFHEATRHY TR ARE B AL RIEVDTEHERE - FEESTLIHE
T e B AT E T IR R -

(C)F =iz S AN A 8 R 5 B S T 4 R b UG I E S RS il
FRHIRERLE -

(A eFE RGBS &R R B 0D L B2 B - AR H S R IR R B N

% -
2 EEBS
BTSSP EEAER-1- 1 FR) - SESSPHTERREN 5 B T4

2

(WD IAREEARER - s ] TR TR > ohl R EER - BEFEE AL
B RIS Ny TR N E R R R R AR e M
IRFEIRER » INATRENIRN IR AR SR © BERBsE R i DANERERD - FiE/D
B IR MRS B LR IREHR - (2R
HrECR - 28 BBUES BAE BT - SRR AR PE Bl 5
IR (rock seawall) USRI TR ITRERUR - o P R OGS $ Rt
FLHIRE - WHBHEE G 2 BGE T2 IR S - JIE R e AR
FoBETHEIER— 3 -

(5 B S R B O B LR MR AR R A 7 B <
()SH BRI A AT RTD BN T 4% -
(4583 T /A P TR RS A0 DRSS 62
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SEA TR EERES209LH HIER ZiR(E - SRESEA 5 CATEERAIR
LU AR » NS B A S ISR ~ B IR - [RERIRE
%o HI RS EE R A RER S - FARE] e D BR(AE 2-1-12F7rR) » B
T RELEIE

LRI 7SI DA RAR 8 2 N

BEA B H S e oo TRy M SRR A0 SRR L 03 By B S B Y 1
Wi o BEEHERE T > AR R B (B E b SR 25 (8T 3 o T RSy 5 m]
LLeh B e ERHER 2[R & b 2 FE H /KBS R B R OISR~ EEAh - RSP BR
HLE T RVTFTHET SRR o EEWE T BN RS A E A R A
HAAEBETEECEE - WRERA TR - @S AR -

25 EEEE - feggth AR E bR

2 BB RS T A T 22 WS R 58 - W B 59 PR B 38 e PRI T
5 Sl A P AE RE e T -

3.5 B E T
FEREZER T > BERYESSE 20 BT ARG a5 A = MR PR 2 TEE T

BB T IR SRS - RSP ERGE R - BB (b FTaisbE s T B E -
BT ] DLEFE A FERRREE A [F RIS H a0 & - T [FE/E FH DU R 2 s e & -
4SOOI

ATl 38 S U ZEV RS AN s > B S U PR RS ER FOA B A - DU
5 RN » AERGEGLE (environmental quality) ~ S DA EL A B AR
Y — 2P o BV e a2 e o A S A B AR B A T T B i KA BB A S s Y RS
BRI A B IRHI A e (5 R SR (5 2 b R M SRR ISR - ST A5 E
a2 (AT T BRI AR (X7 SR HOWIREE SR LU S Ja > A SRR ST = e H A
W AT EE -
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EHE AR S E (U7 AV RA e A Tl - A DL e/ N BN aE T &
EA AR VB RTZE - BRI e IR R A S 2 T
B HERERIHRAR G A Z D5 - BB AT e EE - DUFEE
HraT Al B R A A R DLR SR TE R At b I 2R Y21 -

6. 515t

FERZBRUE I > RS A mTAE B\ 2B A B AT H YV E RS B - FHECHY
T REET 2 AT R - AEERE LES RS S8
FrA S B SHEE BB - B E e R MY - BEmFEEAE
BB TR EE P S

RIS S | IR - AR - SHSESA O
2-1-13HT77) RN A E ST - BRAERAECER-1- 1475 - SPEE)
VR » IR I S LI 56 2 2 98 H BRAGTAS - BELARET9T TARI0 S
WEIFF (4B 1-1 ST

oy

OAKURA STRUCTURE PLAN

August 2006

7

ERISR © New Plymouth District Council

[E2-1-10  Oakurafth &M a1 E

2-10



URENUI STRUCTURE PLAN

August 2006

T ™, { f
< e N [ e

LRI © New Plymouth District Council

[&2-1-11  Urenuifth @A E EHEE
4
) Identify Study Area and Planning Confexf
2 Assess Hazards, Vulnerabilities, and Risk ‘
|1
3 Identify Potential Strategies Monitor \
|
and
4 Evaluate Alfernatives Reassess

5 Develop Adaptation Pathways
6 Implement Strategies

LR ¢ AR
[E2-1-12  FRE R R AR E]
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SITE STRATEGIES SUMMARY

ABILITY TO ADDRESS COASTAL APPLICABILITY TO BUILDING TYFE
@ @) v (Jion ‘ DEGREE OF EXPOSURE TO COASTAL HAZARDS | @ricn Quzoun Oow
EVENT BASED GRADUAL
StomSuge  Wave Acion SuddenErcsion|  Sea Levelfise rosion NEW CONSTRUCTION
[ ] [ ] [ ] [ ] [ J 01 Cry Foaderastng o e O o 0o © e O
Oceanfront Beaches
. . o . o 02 Elevate on Enclosure / [} [} (o] [ ] [ ] L 4] [ 4] (4]
Wet Foodprooing
Hardened Oceaniront Plains
° o o ° ° 03. Bevate on Fl or Mound ° ° o 0o © e © )
Coastal Marshes 04 Elevarte on Pies
= : [ ] L] [ ] L4 (4] (2] L4] (2]
® O O L O - i
(4] L] (2] O O ® [ ] e
Hardaned Sheiterea Bay Plains
06.Floating Sirucures ~
[ ] L ) O O O O o]
e 07. Amphicious Stustures i
[ ] L O O O o] O O
O O O O o RETROFITTING EXISTING BUILDINGS
Shefterad Bay Siopss 08. Dy Fleadprosfing O (] (@] @] o] L 4] [ ] @]

() O O () O 05. Wet Foodprocting o L4} o} o © ¢ o ©

Horgdened Sheltered Bay Slopes

\
D]

0. Elevate [ ] [ ] ® [ 4} @] O

O O O o o FS—— e o e e o o o o

Shefterad Bluffs

C
-
C

o o o O O 2 Relocate / Demolish [} L] [ ] N/A

Hordened Sheltered Bluffs

A R e S
e e

At fo R B R A HER S
=R A

LIKELY APPLICABILITY TO COASTAL AREA TYPOLOGIES |

2-1-14 ==

GEOMORPHOLOGY
@ricH Enmeoiun OLow Creohes  Coscmionl  Momwas  Smereabey moper o Saet ) Swbweasoy B Swhewd um
s e ot

UPLAND
01 Bevation of land and streets P ° ® o o o o O
02a. Deployable Foodwall ” pu Py

@] @] [ ] o @] [ ] [ [ ] [ ]
02b. Permanent Flooowalls 2 o ™) ° P ® ) ® ™)
03. Waterkront Parks

@ [ ] [ ] L] [ ] [ ] [ ] [ [ ]
04. Strategic Retreat =

= ] [ ] [ ] ] L4 C L4} o} o

SHORELINE
05 Bulkheads O @] @] G L] o] o
06 Revatments O [ ] O L4} L] L ®
07. Living Shorslines - . -

O O ] L]

02, Seawals
L J [ ]

07. Beaches / Dunes

)
Q
Ol
Ol
N

0. Levees [or Dikes)

°
)
oo 0 le
e e Velo o0
o
)
)
O

O O @] L4 L4] o o
1. Mutti-purpose Levees p -
O O O La] L4} @] O

IN-WATER
2. Groins p N - -

= L] O @] O O C O O 9]
3. Constructed Wetlands o) ~ o 0 o

4. Breakwaters

5. Arfificial Reefs

ee
ee
LI TR
(@]
@]

ST T ]

<. Floating Isands

]
')
O
S
O

7. Constructed Breakwater slands

s 0e

30 00,00 0
dNNe o0 0@ NeO

L J [ ] L4 [ J] Q O
2. Surge Bamiers o ® ° ° ®
9. Coastal Morphalogy Alferation o P P o) 3 o 5
20. Polders - — ~ o P
BERIR ¢ 4&I AR EIED

f

AR S BT T S

ojn
if
HF
Rl
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(e B — A o Y AL A AR (Rhine) ~ 5 47m](Meuse) ~ H7 R {87A](Scheldt) i1
Tpeey > ELIRE KB HMER AP > BUTHA R RV 258 » 19379 mRd A Ft TR
s E P _ BT WRE ARSI ZEIRE > SRR E T O
WA 2 - ABH T FA AR 1953/ HUK » M5 KGR 1 S B A THAY L ith i
572 52,0000 ERISET AEL » N19S3EEH/K AT ARV B AR - iR B4R &% = Al 2=
BE > FELe - OFFRER  RE=ANETE -

TERT = AMNE T RV AERE T - BN S E N LA RIS RS - SR AR
{ETEE > H 21993 ~ 199543 B4 0] S b i)l 7K A F ik Al i B e ol T W /A 7K > (SRS faT TR L
JEFHY 7K RIS (F 40 B/ K 55 3 A SE R It 7K o BRIEEZ AN » 201 THAE R IT—FREL
RS 4HAE - = A EIPE s B5 (Foundation Delta Alliance International) » 52 5 J5581(b
EER=ptlE . TEE ) & TR e o AR ER AR S FIERVIA R - T
BBOKERE - HAAISES 5 - GBI REF T — « RELREIMER KEER L

TR R ZEBETTEREH o MiPkEE T TRARERP ) AT R I BET AR 2 £
TR o

Indonesia (MR

Sl Mozambiue | x|
2 ‘!ili?

BRI © = faNERs
[E2-1-16 = NEIFEIE A & el

2-2 Pk H-far

faf e — (BB - R —F DL E R OB FEAE R - B & IREE
LR/ KEE - DURAEIAH (Rhine) A1 £-70] (Mass) Fn K #k 2 B Er » Ry 7 8
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KE DU - 8h0e] HEY AR DA IRIE /KL > ek A g itV iE /7K - FIFJE
ERHMEIM A KRS » PE7RERE © T AR AlE TR o (EfETREE A BIZE T e R (God created
the earth, but the Dutch created the Netherlands.) | i&f)E6 7057 K AT B E RS H 5 Ay
L ©

20tH&CAYTRT R SE R T R R & B K HYET 25 (Hoeksema, 2006) = PHILES AR AV
il - DUR PR B =AM TR - B AEF MU © 1. JESIary g
o T EREIRE S 2. srERTHEAR > BEERIEMNRER » #
MR TR 'S - 3. STERICEHIF B AR SR © 4. SHEER - &
Kt EE - EECTHHYITE ~ s RS R -

e P e EEO Y — A 222 FR AR AT (Rhine) ~ J& 7] (Maas) fl1ZH HA% 0w (Schelde)
ARG - A0E2-2-1F - 19534F1H3LH FE2H1H » JLBHY A (high spring tide) 1274
(storm surge); ¢ 7 =51800 kmiyselys ~ F2R67{ERH I (Flow gap, (/K &AL
AETRAPEEEL) « A/KEfHZEE2,000 km2 ~ 3,000/ 552 #i015(43,0006%215) - 1Sk
1,835 A\ZET ~ DL 72,000#5 85 (Hoeksema, 2006) - [E]2-2-2 ) [&E]2-2-3457 Al By b SR
KA R R THBERIS T -

Byt o far i A A K 2\ 3 TAZE(Ministry of Transport and Public Works) 2195342
H21H » gar—{E DA TAZEN Ry EHSHY = AN Z= & & (Delta Commission) » T AL 2
O PSS AR AN L B EE AR KB - EIFHVZ B Rt T Wi (E2E1E (Hoeksema, 2006) :
1. HEE4EERET00 km e (sea wall) FIEE 75 (dike) : 2. EFEH A 43 (9 A H] [ (tidal
inlet) » EHE SRR KAE FRVERVISE - B R EATR s R EE AR =A
SRR S 45 > #Mlimit intrusive construction to the outer coastline) | DL ™ #8354Y
450 10 P2 1 (siginificantly reduce the length of North Sea coast) | HI{ESS - 4E50ES
SRAE IR D AR AR AV 4ERE I ARE ] - W BT A T IRE B A P AL B RS
(Zuiderzee)JIE G e TAZ -

PRIt - 1oy TR B Tt 5L RD 4 HY = A N &1 = (Delta Works, Delta Project, Dutch
Deltawerken) - 5219534 FifG - 199745 - HALERASFEAINFHE - FRESOESSTH
7 TKIE(dam) |, - i GRfE (storm surge barrier) | ~ T 7KREE(locks) A DARHPREE K B
Ko A1 T B AR (sea dike) ) o = FNETER AN E B AT KON TAZEN T SRV (EE
REVPREL - R Ay T RENEFIERATE AR » = AMZEES M "/FFK, f1 T TRRESE
HET T TAVEIEIRRE - EIeEfTIYE 2 /K BEE i RV &, - REE{C R (RAY T
EhiG @ B BE R EREEIVE R - & T IS S BN KA R - il
Oosterschelde BarrierfiiMaeslant Barrier » 4[1[&2-2-4ff7~ °
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Germany

UTR.ECHT
Utrecht

®

's-Hertogenbosch
® PS NOORD-
Breda Tirg BRABANT

°
Eindhoven

Groningen

OVERIJSSEL

Enschede
[ )

ERPE © Hoeksema (2006)
[E2-2-1  fey ] B HAPATHY B 5
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Hoek van Holland A
< Ouderkerk
dlJssel

North Sea

7 Areas Flooded

LRI  Hoeksema (2006)

{7 T 1 95 35/ /K (R A 5 1 P g A /K RSk

SIS : Hoeksema (2006)
fa7 T 19534 1Y A/ K i R P R
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Hollandse Idssel Barrier

\ N ‘
N |
\ Hartel Barrier -~

s L'y

\\ Haringvliet Dam e

N »

N
/ N \ Volkerak Dam

Brouwers Dam

<

leandkreek Dam
Qester Daﬁ
Channel and

’ Locks of Balh

\Grevehngen Dam

Oosterschelde Barrier
wmps Dam
/Zeeland Bridge

N
N

ERlAE © Delta Works Online Foundation
[E2-2-4 {5 = AEMNET =

19934£10 F - JABIFIEL 0 o] S R FF G MRV PR T 2 B S ARl 7K (i 5205
AFILimburg(F] 2% 2-2-1)8 4 B EAV/KE - 8,000% (i1 ERHFAL - MHERZES
FEH /KRB RS - FURIR > SR E RN IER - 19954E1H » F—RINVFFE
PR R LimburgHIER T 5 R EEHY/KE » 23208 @ R - & T » HRBUNHY
V7 B[S e s B v S R AR o [EIRFIIERE AR - (B S R 2
BEETEE G A 2O THRARYIE A AE /22 (van de Ven 2004) -

=AM E AR E T /K AR N EERRIRE » (H &Sk T 8 L4 Y 82
g o (E/KIEHY KB EAEAL - BURECE TR AV AERRERET - BRI 24h » RIE5E&[H
B 1k ORIV AR 0 BN AR RR RORSERT T AR T E RV o (RS R =AM
5T RN TR N A REER IR A SR 52 28+ DA R 19934 11995 1Y Ja] /K F ik 42 e Y 4
K& > FEA/KAVSRES BRAATE B4R BAY T BRI | B 5 T BRI | - /K
FLRE L Ky SRR T I (Rijkswaterstaat) A 20074F £ 20154F #7710y T #7512 (Room
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for the River) | - HHHZ RN HIZRIE 7 & H 15,000 cms$Erf 216,000 cms » HAEE
23(FIFIT - PR Z TE A F M (AIE2-2-5FTr) » 1Al + 1 [REIZ RS -
2. TEERGSTEY) - 3. SR - 4. K~ 5. a1~ 6. [RIETIESE - 7. WIIEFRER
AL~ 8. WENIERMGEE ~ 9. MR PAERERE -

8
i
6 7 6
1 Lowering of floodplains 4 Waterrentention and storage 71 Deepening of summer bed
2 Removal of obstacles 5 By-pass 8 Heightening of dykes
3 Dyke relocation 6 Height reduction of groynes 9 Dyke improvement

BERIACH © Zevenbergen et al. (2015)

[&2-2-5 R E PR UE R TR RS T

2-3 g FERIERTL AR I - e

B 7 BEAG (CAR) AV 2 A - HTET T Ry B 2 = A o 8 Pt S Fr B 7 il 2 (Verschuur
et al., 2017)F5 H{Haitsma (2016)f2 4 =~ & ks (Resilience Wheel)$542 » =] B DL Bhk mifs
S E SRS - B s AEm A - f%{E J1(Recovery) ~ #4iJ7(Resistance) ~
7% JFE 7 (Adaptability) ~ A CIRE 5SS (Vulnerability of population) #14H 4% /7 (Organisational
capacity) » A& 2-3-1F 7R o (i 1 [m PR oy B3 AR5 AR - HL18(EFEE - FEAEAHE
BN FR2-3-15252-3-5 » BRI Z BRI RS2 %2-3-6 « 5F 7 T A GREEINTR
2-3-7 > FEREHHEHNEE S - AAEERHEEN T - fla 0 A& EAE/NR500 A
km2iF - RIIEFREL S 7 o [ #515,000 A\ /km2i RIS G- 28Ky - 2800 > KREV T HY4E

SO AR 2 ARAE - B0 AR RE 2 e R E R BRI R H B B S -

 Dimensions __ |
Recovery Emergency Resourcefulness Protection of critical
management infre
Resistance Flood barriers Absorption capacity = Str Building cod
Adaptability Self-organization  Learning capacity Prej
Vuinerability of Population Household asset I level
population density
Organisational Stakeholder Institutional capacity Public participation
capacity cooperation information

BRIAE ¢ Verschuur et al. (2017)
[E2-3-1 Haitsma (2016)F2H} Z B EER (B 2R L Bl R TT5)
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Z22-3-1 B4 - 18 77 (Haitsma, 2016)

AR Y
I U SRR B ~ TAE S SCRIR BN A2 FF (Hamilton,
. 2009) - (0 © WHREHPTKIER 2 ER P H B EEAfAE -

Emergency management

Emergency management is defined as the full range of evacuation plans, warning
systems and aid coordination procedures in a city (Hamilton, 2009). Hospital
services and the fire brigade are of main importance in the emergency management.

‘RIFEIHR

Resourcefulness

Andrew et al. (2016)E R ZREHEIR * AFREAFAGSFRR] - FRHIEIEFRIE
JREREN(RNEN - VE - BRI S TEIR) LU P ERDhRE 7R KA & Hr L s
BRINEES] -

Andrew et al. (2016) defines resourcefulness: “The ability and capacity of
organisations to identify, prioritise, and mobilise resources (that is, monetary,
physical, technological, and human resources) to meet internal functional needs and
the external demands of a local community™.

EHRABE RS IRE

Protection of critical
infrastructure

WETRFE R > LR R S CREE RERE ORI T AR AT - BRSR R S
— B > REHIECRINTT 2 ## {E (Barocca, 2013) » (40 ¢ SEEENRL « M - KRS
PN Ry 327 A (TR i st Y =Y - Dapsd o QU b3 N
= > BB HIGHERE -

Just as resourcefulness, the protection of critical infrastructures also guarantees the
continuing of a cities functioning. Critical infrastructures are a set of facilities
ensuring necessary services for a city to operate (Barocca, 2013). Examples are
power-plants, subways, railways, water treatment plants, communication networks
and airports. They can be protected by their elevation or the use flood barriers to
prevent water to reach the critical infrastructures and cause damage to it.

%2-3-2  HIMEmE A7 (Haitsma, 2016)

e G|
Aerts et al. Q013)fRE © AR BRIRGEDT ~ AR RIR ARG © &LAsHE)
P e e T PREEIT R MK R IR I -

Flood barriers

Aerts et al. (2013) explains that physical flood barriers (dikes, dams, sea walls) and
natural barriers (e.g. mangrove forest) are measures to protect cities against flooding.

BRI R  HRAE TUE T IRATAETES AAYTZIE_EIRRE(E - ik
B T IRAS T DU RIS B THRE S » BRA e H— (B 25 (A P e
BEHR UL (X7 ZEAHI(Lhomme et al., 2013) -

U
Absorption capacity When a .city gets ﬂogdefl, its absorpj[ion capas:ity' determi.n.es to whgt extent the 9ity
can continue its functioning. Absorption capacity is the ability of a city to operate in a
degraded mode, related to alternatives that can be offered by the system following the
failure of one or more of its components (Lhomme et al., 2013).
SRR TR NI AR IS - SHEREIOKRE IR 2 - B PRy SRS
SRR el > HEMEiGS (Chan et al., 2012) -
Strength of build The indicator ‘strength of build environment’ is the resistance of buildings to flooding
environment caused by their material and building style. The stronger the buildings in an
environment the higher its level of resilience (Chan et al., 2012).
Brown et al. (2012)F5H} © SR TR Y S BCEEVEAYUER B - DUE
CFIEFEDTHEETT © Aerts et al. (2013) R FA 1R 240V BN EE TR
Sore L] 2o ERFEES A — LN o
ey SR ERY — 7
Building codes Brown et al. (2012) states “Building codes are prescriptions and implementation on

elevation or adaptation of buildings to make them flood-proof™. According to Aerts et
al. (2013) also choices in the siting and design of both housing and transport systems
are part of building codes.
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fEfEAaTE

atH

B 4H A

Self-organization

— (B A A RO B R B 44 - BB E e E A REE RN A ME
(BUF sz Bt i) U IE L T - S8 E C AT KB ERENEFENEE
(Djordjevi¢ et al., 2011; Liao, 2012) °

The adaptability of a city is partly determined by the self-organization of its residents.
Self-organization is the degree to which individual persons are able to organise
themselves or the system in fixing damage and cleaning up without waiting for
external help (government or aid agencies) (Djordjevic et al., 2011; Liao, 2012).

21 5] &k
B2EEN

Learning capacity

FR¥ZLu and Stead (2013)HYE7A « S2ERETIRIEREICBEAYIUKLE R T - S F1E
BIRASFUUIEILHIBE ST » BI40 + B FHIHOKR S Es - TSR M2 L e A R Y
BE TR

According to Lu and Stead (2013): “Learning capacity is the ability to learn from
previous floods in the city in order to deal with similar conditions in the future”.
Examples of learning capacity are educational plans or institutional adaptations related
to climate change adaptation based on earlier floods.

RS

Preparedness

SRR 48 G IR E R (E B — VBN B - HNBR=E 5% > NS R

2 LA BT AE > WARIRAED T St a T =8 AR T SR e L L
R -

Preparedness was often mentioned in the literature review as characteristic for
resilience in general. Since a definition was lacking, preparedness is applied on
climate change adaptation and based on assumption defined as the extent to which is
prepared for climate change by taking future projections into account in the design of
flood protection systems.

%2-3-4  FIMEmEE- A CHE55EE (Haitsma, 2016)

FEiEATH atEH
BANOEESRESR - BAGREAOUEMZEGEESIRL - A OB EEHRENETS
N3 Mo NOBEDEE A B A O #F~(Farhan and Lim, 2011) »

Population density

The population density indicates vulnerability since a higher population density in an
area causes a higher vulnerability to experience harm or damage in case of flooding. The
population density is expressed in the amount of people per km2 (Farhan and Lim, 2011).

Kotzee and Reyers (2016)iF A\ I4HRYE 28 F5655% A _EAI145E A NI A LI S aZ i 48
ANOZH57EE « — Ry » BREAMBLL » PRI BERZ A1 - BA52E]

NEE:5Y 5E -
POPUIa'fiQH Kotzee and Reyers (2016) defined the population composition as the proportion of the
composition city’s population above the age of 65 and below the age of 14 as percentage of the total
population in the city. There is assumed that kids and elderly are in general less
self-reliant and more vulnerable than mature people.
Joerin et al. (2014)TEFRHYZHEFEFy © BAR ~ BERE - T - HREh Bl - JRERBI (1]
FHEE WIRIEEEE) - BAZE. -

Household assets

Joerin et al. (2014) defined household assets: “The access of households to television,
radio, mobile telephone, motorised vehicle, non-motorised vehicle, basic furniture”.

W AKSF

Income level

W ATKPFRE—EANZ K ERESRE S » SRS BN R E E LR E R
K EERE F R TE AR SE B K {8 (Joerin et al., 2014) -

The income level indicates a person’s capacities to deal with the impacts of flooding.
Households with greater wealth and features are generally abler to overcome disasters
and recover their losses more quickly than poorer households (Joerin et al., 2014).
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fEfEatE

st

Mz AHEE

Stakeholder
cooperation

Borba et al. (2015)E FIHAEFEATR « B /KE R 2 Az HRE & R  BERHETE -
GNBEUNE & ~ 248 - TIZATRIEBUFHS)N G.8) -

Borba et al. (2015) defines this indicator: “Stakeholder cooperation is the interaction
among the main stakeholders affected by storm water drainage risks — policymakers and
(local) government officials, safety organisations, engineers and NGO’s”.

ERATHS:
Access to
information

TERVAI P A B BUR I E B FIRMEE R AT HK(E B RS E BhH e B R E AT ECR
25 R FTE(Moench, 2014) -

The access to and understanding of information about flooding for policymakers and
scientists can help to develop policy and spatial interventions based on climate
information (Moench, 2014).

HeRERE

Institutional
capacity

Godschalk (2003)5 HHERE /) 18R E B R e T B (FRV IEAMIEIEA G & (B & - 8
K~ S ~ TR/ NED IS SE B AR AR - S A R RE e Sm AR I R OE T OREY
HEAE > SRR T VA4 (Godschalk, 2003; Joerin et al., 2014) °

The indicator ‘Institutional capacity’ is defined by Godschalk (2003) as the formal and
informal associations that operate in an urban area: schools, organizations, task forces.
During a disaster, the community networks must be able to survive and function under

extreme and unique conditions which enhances a city’s resilience (Godschalk 2003;
Joerin et al. 2014).

ayye i
Public
participation

W

Lu and Stead (2013)f5t} : AR BLZIE N RS BBERARIVAETT - EFRSRIA A
[EIFE B LRI - B0 - 48R8 A BR/NHDUR B BV R HIE TE SRR (L and
Stead, 2013) °

Lu and Stead (2013) stated: “Public participation is the ability to involve the public in
policy decisions, both in terms of informing the public and responding to concerns from
the public”. Examples are online citizens’ panels and communication of information from
policy to residents (Lu and Stead, 2013).

%2-3-6  HIMEERERIAY B ~ B0 R L E 2 (R (Haitsma, 2016)

AL =tHH Bt
1 = AN
2 & s
3 H (s
4 = PSR
5 IFE = S ERE)
- ek He

R2-37  BIVERRTEIE 3 TS (Haitsma, 2016)

T[] 5% BFRIE SR TTEL
g AT EHRASNERIIGFEFD | 1= A -5 = FEE sk

|] F#E(Hamilton, 2009)

W) | ‘EEIR

KFIBE R GEME Y A B P (Andrew et | 1= fiEfEfH — 5= IFE RENEE
al., 2016)

ERARE | BRR SR KRG R (Aerts et | | = fRORE - 5 = JEH SHYIRE
EAIEREE | al, 2013)
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257 (SR 2525 R Haitsma, 2010

THi[A] et R E TEL
TR %BB%D%IM?F)FE’JY‘E(AIme, 2012) 1 = EFEFRE - 5 = JEE St
B AL 5 e
A fEp L G K R BE TR BEERR AR 2 | 1= m B -5 =L
. i R R4y Bk R
- o Tﬁ-ﬁﬁﬁﬁATE//\7J<HBERZL*%E’*JM*4 1= (K58FE 5= Sk
R ;gz;Jr(Albmo 2012)
S & AEA KRG > Y | 1 = SRR - 5 = JEEETAE
i ;zﬁiﬁﬂﬁmxfﬁmerts etal,2013) | EEHI%E
EEEOJK&@%EE%ﬂi@aiﬁn 1 = M|ELL - 5 = FEESENELS
=kaiks TEHEZ EIIRE S (Liao, 2012) AT AHEK | 45
ﬁ%¢¥%
HEIES] BB S EEI K R BRI HIE JH%E (Liao, | 1 = MHIEIRIGNEE L - S =IFFEZ
Rl 2012) (R B e B T
st FEFA A BOR AR R B B Bk | | = EHERARRZTEN - 5 =JFEE
R s S ek FEH
ISy AN RS S PN i) 1=>15,000 A/km?
2 =5,000-15,000 A /km?
ANOEE 3 =1,000-5,000 A/km?
4=500-1,000 A/km?
AH 5=0-500 A/km?
eSS 658 L L AITABR LT A L1 S48 A CIFY | 1= 60-75%
Ebfl(Joerin et al., 2014) 2 =45-60%
PB4 3 =30-45%
4=15-30%
5=0-15%
A R (TH RS EAE T A | 1=0-20%
C1'H 47 ER(Siebeneck, 2015) 2 =20-40%
FHEE 3 =40-60%
4= 60-80%
A 5=280-100%
)i S H — i 52 E By AR 39 ] S g U A | 1= $0-$5,000
(Kotzee and Reyers, 2016) 2 =$5,000-$10,000
W ATKSE 3 =$10,000-$20,000
4 = $20,000-$30,000
5 >=$30,000
AR EURHEH M BT ~ 22248~ | 1= BEE -5= JEE KRENATE
Wl TARERFIIE B 4H &%~ R T Y &1
”” E(Joerin et al.,, 2014)
T REEFNES  REENEESE) | 1 = SEEIEER - 5 = fEBUEIEE
s 7| DLFIEE > F{E(Moench, 2014) ST,
4587 EERNERNIFERGE 2 #HE 6 | 1= 8E -5= IFEKENHE
o THERE SER ~ 4HE - TFE/N4H(Godschalk,

2003; Joerin et al., 2014)

5
28
W

O 2 B AR AR 7K SR g I SR A TR Y
T2/ (Lu and Stead, 2013) » B[ZFHE /R
/INGH ~ B N AT A 2 B T VAR

1= fE28 -5= JFF &

=

]n

(Y

\\\Xv

g
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JEERFFH(Rotterdam) fir i 2 RAT Ko F& AT Y B Ot e M BRIV AH B2 - B — (B850
HUBT - PHBCREERY AP » 2800 > BRI A& E T > MR EayHTT > IR
B RNEEEE R EIRHE T - RERTT LB R RN - HiK ~ #ER - PR
FREVETA(UIE2-3-2F17R) - NI IEERAIRG ~ SREEA AT & F M OAE R s
B R o

Inner-dike Outer-dike

et iffers Irban di: ity tre Irb: Port and harbour areas
ReLid
1224 ,40
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4 7 / / -
[ /E
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/
a
/

Groundwater  Polder ditches Pump Polder
outlet

North Sea

FORIACH RS FHBOR
[&2-3-2  REFE T I

FEFF TR 2013 SR A et - FH R R R R S R - KPR ~ (b~ UK -
BRORPEES - RERH TR RS T Ry DU 758,

S B T Y fE RS 2 IR A HOIVK SO KIR S
BT A fE RA G N Rl a8 2 8os/ D A S A2 -
JEEARF T A L REEF 22 = BT -

JEEAERERH PV & A SR BB A A2 2 - i HAE AT o] DA RE PR AT
-

1]

SR BRI S ] & R MR AR

21004F -V g _EF1H4Y35FI85 457 » BERFI I EIEG VU AR © IR AR K FE &
FEAEIIEN ~ BEFEME & - FURBEIIN & o SrRBUT ST RERF T AT ERAY PU K
RS DA b s A S P Ll Y s » 22 DL LLUESF 1 SO /K b = R B i i - &8
P TH] R TR 7K T B 5 1T Tl T A 1T A AR A 7K - 4 SR Bl Y 04 8 R Jo e T 5
o DUT Rod (&R S B AR B o1
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1529 N& (outer-dike areas)
e & Mek Y JE\ i T 24 4 M & SRR /K THT Y 7] B8 o 52 B 31 4 A= L st it Y
fE > EREEAKE » WE2-3-3FTR » S R BN 48 SRR P A BB 35 i
JoE\ i A ] (AT [ 2-3-4 TR o

B2-3-3 BB B2-3-4 B IEERESAE
ORI * FEREPHEUR
SHEBRSNERSS B » MEBIGOIETEE | BEESRES (uE2-3-5
AN (R A D I B2-3-6F77) ~ S S BRIt © SRR - [82-3-TF
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[&2-3-7 SR A
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e o o [E12-3-10  FEEEIEREEHY
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2-24



RO AR © ATREE SR A BIVEG T DLUR SRRV » MU BUT g BmtE
ATREIE R HY N BB T R SRR G TR B - AR R O 75 S 3 s A B2 7 (0
2-3-12f7R)  EEFF TG PR HY AR G R R E I I - SE S RE SR A
s 108 K SRR AN i R T 2R (A8 2-3- 13F71R)

= AN R s T o STRERF RIS BT 7o KTy o HEER
WNE2-3-14F7R - SERBUREER T R A S EAVEST1(4.2557) - PURCEET](4.00
1) o AR HUI R RN £ R ER R B — (R S8 5 R (Maeslant Barrier > 411
[E]2-3-15) ~ I FEBR P EE 10K S M S ARAS YR SRTEAM - v 2 D & SRS B L e
RrFHERER EF - BHEE RFAVERERET] - FEEEFRZEE A
Fo TS, K TRETEIR ) o AiENEERTEM T RFHVIOKTEE - MR
T EREIUK AR R A R - (B RE BT R R SR ekdk © RE
AN BE IR £ o O HE M R RETR - 155N R TEBUR R BORE IR
Gy e e RIS KTV RS S - BIEAE - RERF T HME L RTE IR
TTEAE3T P L > BURIEHTE — B & 2 S R AT (85 & 7 B R 3.78
71) > HABGRE S ESHMIE S -

2
[&2-3-11  SeBPIRE N IH [&2-3-12  ANBHBT R RA TS
EFtmmEER JHoK K E B E
EERACR © FERF PR

e 0 W

FORIACH © RS FHBOR
[§]2-3-13  BERHFTaAh At R i i R SR iR T 3¢
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ERIFE © Haitsma (2016)

[&2-3-14  EERH AR AR R (Haitsma, 2016)

ERIFE © Wikipedia

[E2-3-15 ZFEEIFFEE - Maeslant Barrier
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FotRZHEME - H/KBIEE MR 2 Haf DERTI  HEDLMEERR - W[E(2-4-4 -

The desggn consists of three concrete basins, painted tn various shades of blue in a pattern vague

N 1
[E2-4-2 (&R KRS E S I E

(/K 1(2018/2/14)° (/K14 (2018/9/17)

[E2-4-3 & BRI KE S KR LR

1%’*45{55}?: http://www.uncubemagazine.com/blog/13323459
2?*45{55)?: https://www.instagram.com/p/BfJhVEzhm9p/
S:éf*ﬁr%fﬁr https://www.instagram.com/p/Bn0rG6Tixkh/
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B2-4-4 KA R K E R DR

= AR R

o T e e F 7 (58 A 228 /K e - AR ~ AiEKEE S > BERKEEAEANS - (£
RS0 - TSRO U K F - B BEURIE R SEEGIEFARE] - I
[ixWestersingelst B 7 3 U - SOaTAESRIE PRI A E 550 \TTEE » UM
HY &KL (de Graaf, 2012) - 4N[E2-4-5 Ry E s I8 <7 [ AT TR B -

PR

ey ATy D
[&12-4-5 [Pk Aijf& Y et

4%*45155)?: https://reurl.cc/gvM4KR

S:éf*ﬁrﬂ@ﬁ: de Graaf, R. (2012). Adaptive urban development. Rotterdam, NL: Rotterdam University.
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[B2-4-6  HiTT B /K T A% BIELIR

+ Eendragtspolder/\[&
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R RO B (Raadgever, 2013) » R ERTR MM B~ R E 40 E
2-4-8 » [&]2-4-98I 2 /K ) j & AR R ] -

.- __e‘---‘*w-q‘h’,g“

[E2-4-7 Eendragtspolderé}l%]8

61%*%5@: https://reurl.cc/310149
7?*%}555?\: Google map 5t
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8%*45155)?: https://waterwindow.org/case/rainwater-flooding-17

9%*45{55)?: Google earth
loﬁﬂﬂii}ﬁz http://edepot.wur.nl/315093
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[E]2-4-11 Maeslantkering & 5% 8 52 &
— ~ HEIRERAAE KR

2017 4F {7 i = E AN IE B G2 (Spakenburg) I VT T HE F R £ AY3002K H B
PASKERT > FFTEH/KEREES) - fEE /KO EF-RIPTE E) B (e 2808 77) » K
BRAPTEHEN T FEREEAIE2-4-12 - EATEHRVZER/N > A S hEsisE
S - FPTRE R S b AE 2-4-13 -

B2-4-12  EBIRER KR R

Hﬁﬂﬂif}ﬁz https://reurl.cc/5gMgWG
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firftDen Oeverf i » INAREEFISOFTREREAE » FERFAERI004 KAV NE3
SRACHNE - HRNZE B EERE RS » NI R RA ISR - FEREIR R
JREER BT > (R ERFEH NSRS LSAR [FEH A EEE M50
FEPTREREAE - WR20194E52 T - AEE2-4-15 o ELdl PrgRi s B B 1r =20
PERBARSRLTHYRE B H MR R A R R BG R R /) - fRIEKerpen et al. (2019) > FI[FH
PERB EL (S kn(ky = cosa X Sy > Hrfra BBENT I - Sp RPEThE ) Son MR S Hino
FEHPERALL Bk / Hmo)FEO.5 < kp/Hpmo < 2030 > AHBCE BRI R T 6
DET60%H TRz & -

Bl2-4-15  BEBEIREED

2-4-3 BB (CE/KETEL-Waas City)

FHDELTARES /A B]GH#HY G7/KEFIERL » F 8 FIAR KN AHEE M » A EIFZ5HEE
B IS - SEEE AR T BRI K R R A T
Hh - BB KB AR BRI R - OB R K BATE - SEEMTIASRR
IR EE - R EBRET ERVEE T TS FEETmAVE M - Sl i BV TT
% - Waas City#(F/ M HI4NE2-4-16 -

14?*45@? . https://www.youtube.com/watch?time continue=1&v=IbCZ aOsf8c
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WaasOnline

a sustainable delta game

You have reached the website of WaasOnline, a serious game about sustainable
river management.

\ . Play the game

Waas delta

|
!

WaasOnline can be played in your webbrowser. You can go to the game by clicking
the link above.

——
AATADA s [a e =]
.
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PR 2B ISR T U7 | - B S A NCDREE {ft 2 8 77 [F R 5 =
(WRF-MRI(A1B)) e B\ 45 SR AFEE 5z o0 M AR A e L (- - S0 B R e e 5 - 45 SR A
TTEES  HEEREUR - RARZ G IRIFBORIR R S iR AT EE AR > e
—REEA R - BEARRAREE - WA IEREENERES—EZwE
RIEER R - BERZIT2H HAEAVEER B 5T DI Ry By 5 =0T SR e
S8 b - BUE— P PRAIPCCEE LRl & (ARS) 1 2 MRI_ CGCMRE A&
BHEITSTR > HEEREUT » E2EAERORSETIRIFAE R ZEES - LA > 25K
SRR (GCM) Z 45 R AL 22 B B ERE PE(Uncertainty) § 55— 5T > A FEIBTZE
SRR R F AR AR T A RV EUE A SRR E B A [E > s ATaR ERYE=
(ERE—(EE R At 2 S RAA HAME M - IS > RSB RRmEE E AR
B AR A [FDR SRR R R RS R A el - ik
Fo 5 BEENGIREERETT - TRRE R = AT FE BT Se A 22 ) KU AL AN [F] > ATLA
e AR R A T EORHEA > A EIRE R At AT RE R AR W E 1 - NI
AREBHEHET 2 F] HAVBTFERER 2 LR > 5T H— 2 (consistency) < ERTANTFE
AR EHEGS R - AIEREERARE S Z 80t HILERI RS Z(E
O BIHEEEAE 7 alREVERES » BIPITFEaE R nlREME o] DR ARz » HSd At
iR RErE AR REEET ISR WA EIFEaE R IR - AT REEL
T > SRS I A BRI AR E e BRI AV R GE
NER 2% T RIEEBEAT R/ DN Z S8 513 -

ARE R L EIPCCE T #auE A I ARSIIGCME BH (2 FL7%4-1-5)  SyEH23 R FEIBIR
BRI 2 $E39(EGCMAE S » &L EfBER B E 08 GCMBE A (MIFRAL T 57) > #&Ehoy
PRI Z JEISRER PR RIARACR R (21 b - TR Z BT
RACRMETRFEEERN » REEHEAIEE T30 FERR A (CCM) Z U &
o ZRURURE G ROORYS - B R A R E R R FH
P~ i e (R D 28 AR SR R (RS A - LR {EL S A7 TR ] Weibull
ISETECEST R © REMEEE RO MR - RIA] B S A T E R R 2
TEEEEENR - &% - HPHEAEERER - TEBIRIRAR IR T > ZE50
R T RIS B SR R 22 2 P B (A 4- 1-6 B E4- 1-TRTR) » (R EAl oA )s
2 STEAGTREEIEHET O - AT RPRERAE - EM R ERER L SET e R
R PSR - A1FR4-1-6FT/K
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%4-1-5  IPCCIELARSHYGCMAH G BRI AR EL 22 T

st s R | e
(lat.*1on.)
ACCESSI1.0 CSIRO-BOM Australia 1.25° *1.9°
ACCESS1.3 CSIRO-BOM Australia 1.25° *1.9°
BCC-CSM1.1 Beijing Climate Center China 2.8° *2.8°
BCC-CSM1.1(m) |Beijing Climate Center China 1.12° *1.12°
BNU-ESM College of Global Change and Earth System Science China 2.8° *2.8°
CanCM4 Canadian Centre for Climate Modelling and Analysis Canada 2.8° *¥2.8°
CanESM2 Canadian Centre for Climate Modelling and Analysis Canada 2.8° *2.8°
CCSM4 National Center for Atmospheric Research USA 0.94° *1.25°
CMCC-CESM Centro Euro-Mediterraneo sui Cambiamenti Climatici Italy 3.71° *#3.75°
CMCC-CM Centro Euro-Mediterraneo sui Cambiamenti Climatici Italy 0.75° *0.75°
CMCC-CMS Centro Euro-Mediterraneo sui Cambiamenti Climatici Italy 1.9° *1.9°
CNRM-CM5 Centre National de Recherches Météorologiques France 1.4° *1.4°
CSIRO-Mk3.6.0 |(CSIRO-QCCCE Australia 1.9° *1.9°
EC-EARTH EC-EARTH Netherlands/Ireland 1.1° *1.1°
FGOALS-g2 LASG-CESS China 2.8° *2.8°
FGOALS-s2 LASG-CESS China 1.7° *2.8°
GFDL-CM3 NOAA-GFDL USA 2°*2.5°
GFDL-ESM2G  [NOAA-GFDL USA 2°*2.5°
GFDL-ESM2 NOAA-GFDL USA 2° *2.5°
GISS-E2-H NASA/GISS (Goddard Institute for Space Studies) USA 2°*2.5°
GISS-E2-R NASA/GISS (Goddard Institute for Space Studies) USA 2°*¥2.5°
HadCM3 Met Office Hadley Centre UK 2.5° *3.75°
HadGEM2-AO Met Office Hadley Centre UK 1.25° *1.9°
HadGEM2-CC Met Office Hadley Centre UK 1.25° *1.9°
HadGEM2-ES Met Office Hadley Centre UK 1.25° *1.9°
INM-CM4 Institute for Numerical Mathematics Russia 1.5° *2°
IPSL-CMS5A-LR  |Institut Pierre Simon Laplace France 1.9° *3.75°
IPSL-CM5SA-MR |Institut Pierre Simon Laplace France 1.25° #2.5°
IPSL-CM5B-LR  |Institut Pierre Simon Laplace France 1.9° *3.75°
MIROC-ESM MIRCO Japan 2.8° *2.8°
MIROC-ESM-CHEM |MIRCO Japan 2.8° *2.8°
MIROC4 MIRCO Japan 0.56° *0.56°
MIROCS5 MIRCO Japan 1.4° *1.4°
MPI-ESM-LR Max Planck Institute for Meteorology Germany 1.9° *1.9°
MPI-ESM-MR Max Planck Institute for Meteorology Germany 1.9° *¥1.9°
MPI-ESM-P Max Planck Institute for Meteorology Germany 1.9° *1.9°
MRI-CGCM3 Meteorological Research Institute Japan 1.1° *1.1°
MRI-ESM1 Meteorological Research Institute Japan 1.1° *1.1°
NorESM1-M Norwegian Meteorological Institute Norway 1.9° *¥2.5°
XALF R BUERERE AT R Rt RUSE 73 ArFT
*4-1-6  BUEE T 2 RS IE I k(T
R sca T E P E FlmE T 8
#k 1.0070 1.1166
EHR 1.0213 1.1187
I 1.0351 1.1160
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= RIBREE RS HE RS

RoERIEEEGRIEE T E o At P H BT RIS R R T
T WA RIEEEB ISR IR TEOE - DO bR R BB IER R AT e -
FRERIRS et KU 2 7R (Camus et al., 2014) - fE R0 RERAVZE IR
J& - W EEAGCMASREBERAEA FMEEL R T NS 3 AT E I - BITAT
PHEARANGE LR Bl - DUBIGHGETHRE RIE B SIS0k - IR 2
RIFHGE > P ETR AR -

ARSTe {5 B B A i 2 PR U GEM) TR B B AR 2R R O T Z AR E R -
R BEFH AR ACR 58 2 s B E IR SR - (HEPHZE R A - 35
B CE T SR ERE ST ERRHME KB A - ISR GCMERERAE
ZEFIFRIHZE R R ZBER - BILESTRRASHITA S - NSt R E R
BTG E o AHRR AT SR > gREET R KU GE 2 TN T (predictor) B2 TR {E
(predictand) - &y 7 00 HEBUNE R 2 S ATgH &R - NI SEH O E
#H(historical reanalysis data) & {15 B (quasi-real I (5 Ry 5181 27 Wi AL - FEZE IR
FREJTHE > IR AR LA T FE M E Rl A > [N EE i e GCM &R 2= eI AT T
R R IMET AR - W AT {EGCMER AR AR AT E U T4 HRAY 2 FEOAI 5 1E
Ve RS T - ea e RURE 2 JiR B 5 DAZE e ECAfT FEE 2 TR AL 1 B e AT 2 FROHIEL
B RAAREILSETRE % - B HAEACRAY TN TR ETEIIE - BTzl R
HEHY °

[E4-1-8 Ryttt RUE 2 GRS - HAERIIAT T -

LB JEE o (historical B 3 W 20 L i i A REDN BURE DR » A BL P
B BRI S B

2.LJESTELA (a method for Evaluating the Source and Travel time if the wave Energy
reaching a Local Area) J5;%(Perez et al., 2014) = E A ROy Ar B BLEIE S
%2 BT RIOREE B ZEH LW i m et B AR B AR AR E
HAKHK[Bl(great circle)ipiHiE - FE ML S EIRIFELIGH P —FZT5
A EF B PHEEER Z R ERE -

3.LLER 3 o3tk - i PR ST E R I T BR 4 ~ [ R4 - A HK-Meansf2EE
TIATEEEIT 3 AR ERUD AR R R RS B EUE ~ RSB IR
MWEERIZER T () - HEESEE EAAFIGER 2 RS 7
HERGE R FUGEIBE R RE - RIb@iT > FBfEK-Means/y BUBERE
LU/ TR - Ho SRR S B BB R R AYAR DU AR S e 2 4R &
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F B » TR A 0 A T o 5 B B P FTRE - et » ol
SYSEEFETA » Ll B TEBETSE ) U 2 SRR (weather types) »
g FARTIREWTE & E A8 A SN - SU57 I8 2 B E R B 56 1
FENFALZ 8565 » SURLIE 4% pi(ocourrence probability) #2775 » HLiE# Fyit
S AR BB UG VTR s B Y =1 MBS
fros -

4JEZE G B ROR BT AR (RIS B ARE  F EHEAE 210 Fol)
—H BEREN TR EBURERHES (R PO A
S MR A R U R R

L L

Atmospheric data Wave data
(predictor) (predictand)

3.
Weather types

(PCA, K-means clustering)
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SAEL AR T S5 I E R LG TR ALR B AR B B A Bt T A R
A B SR (2 B RE 2 JBE ] o AT B L S ME R R BRI > e (R RS B AT T
JoE BT R A 2 BRI ES . iyl E RN RS HIE
SHEVIEI T > B EWAEA B AR - B8 B IR 20 i BRI F ot
g A o A IR Y [E] e S R SR R ARG 2 S AR iR T pRAE T - TSR
Z&iEt oAt el MR ¢

RO INERAC) (4-5)

Hrf P RSB BN R AR A A e - AP (RIS %
e MR TR B SR T I S AT R R B T i (T80 - T
52 7% 5 (historical Y 6T B b LR K SRERH LI Bk > 1AL (S AT R
FBRE R R -

BB AR T S H 8 -

&b ECP R B ETEAE - (T T B ABLER | T ECE | B
TEgRE ) FOPER  REETHEREREER - AR AT - St THE
AT HEAETRRIE - FoETW E R R - et RIEHEAYET - MERE R
(BT FE Y KSR = e b EL RN By Sl e A SR B e 2 W = [ e a
5 (% > IREEREZRILTTE 25 - WangZE A (Q012)7 &t Bl h Bl & KSR EU BRI
Bl o RS 1 B ) B MR 5 78 06 25 83 B A ME (B B 1y 5 AR B L
AR (A AE T A5EEE © CamusPE A (2014)82Perez A\ (2015) A M HH[EIAYEEY - &KH
RIEIUREHY AR ILRE TR - ASTER R HMEEN G E R E R ABLH
A
(DTEHIA T(predictor) - 15872 &V 14188 JJ (sea level pressure) i Rydia T RS 2 M
K1 B R ARE 7~ [B7 5% B2 55 7H A 57 .0 (National Center for Environmental
Prediction, NCEP) B 5§ 27 K & WF 52 # .(» (National Center for Atmospheric
Research, NCAR) f2{t7 H o MrEFiKalnayZ: A (1996) » 7 #2424 ([ H & Fe 28
FEHERHEML (assimilation) J7R 3 HASRAE T ERHEES 1948 2125 -
PAGETET > DAZERIRUE © 2.5° (lat.)x2.5° (lon ) ~ BFEIRUE © 6/NRFGE ~ &
THRE 7 B RTES © € 19804 £ 20044275 1 A ; 1€20055 220174 {5%
s S SHE A -
(2)THHI{E (predictand) * EE7E FH 731 Z PR =i (significant wave height)(F Ryt
RUE Z FEHME » BRI BOM o K S\ R o0 (European Centre for
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Medium-Range Weather Forecasts, ECMWF) H.3g {25 ([ %515 5 (datasets) {F 15
12 AEHEEAEETHYERA-interim BB 6 7 ROR B T E R » HIEBZE R
SRR G L 22 (DR 2 B T BB R L= Se AT ER A-4OBUE SE AT R R AIBER 78
AR Z [5TRE - AT S D T 22 ] #8545 0.125° (lat.) < 0.125° (lon ) ~ HRFfie] 388452
6/INFHE + B 19804F 25 20044F F2-5 i A, -

(3)GCM &} : BEEIPCCHE 4G AMEARSIIGCME K} (£534-1-5) » IAAETES
PSR RIRRATFE R IR « B RN RE LG/ NI  KRTDRELE TS -
FoR I E.RCP4.5EHRCPS.57 - Rl o A A Sesitst > HEAL IR T - &CamEn 5t
Ttk DIFRA-1-SEIERURE R E 2 GOMEE, - FIFH 1 SEEFE &
AT A ERELTEL N -

(DFEHDRISRTERE : i it SBFHI > B AR - B SRR st
PRI R AT 4-1-9F 7 » BB FIRER ] 53 B R LR GCM
BH o BRAESRERE L EEENE B AR RERE S % A
(reference period) T4 5L » 35k 8T (validation period) 1 DA R Z
BHE RS EOR0 A - ChEe B T B T B B ThRS AT E S
S B 19802 20044E45 TR 5 B8 B HA 52005201745 K  Basgsgkis » LA
I 552 1 GO 25 IR L 3 P63 A7 ZO IR AR (L M S T 3 5 T
GCMIEZ » 5215 LIRS 5 2R CP4.SEIR CPS. SHEL R AR AT R R 4 -

EEOE HH > Feat A S S TN T B TNHE R L et B (% > FORTat - ExE
F T Ry VB D ORI S W Ay S R MR B 5 B ZE R AR A T

Reference Validation
period period

Atmospheric Reanalysis
|
Wave RCELEWT
|
GCM Historical

RCP4.5 / RCP8.5

1980 2005 2016 2020 2100
[El4-1-9  giathE KR 2 BRI RHR ERE
PRIE A R T A S e SR e 22 [ 2 513, - ESTELAVA RIS R RE R AE 22/ RAvsrAh
B R AR R AL R B S i R 2 B O R B Ml RE i E - AFTHE K
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FHIRSRE RS LB RITHRARYRSUR « ASHE L RIRAIRR 2 Hint g R A
FTEIES - 38 (BRI BR TR A [BIRY 22 R NIRRT IG5 R RA AR YR > PA
FETEA RN R Tl AR B R RN R E BlE - B S H ) E
AT R ) 2 RARAIRE MR A B FE Y R A RR BN MR = B R 1T LT ]
(histogram) 7347 > HEE & IR 710 > 1R EEIEGEV (generalized extreme value) 7
10 KISV IR ) 2 R AL RR AT M 2 F HE —REA R MR = A < B (% - 1A%
st EFERE R AR SR - W e o mETHEEESTE AR
HofnZ VAR EEE - REasa A DUSE H &AL - RO &R
BRIEARIETIREETT /048 - (iEK-Means 2 P 3 DAER 26 B S PR R fa g AE 2L
Z BRIy AR oy RylEl—H  (EfSAEipss MR & A #5 & B RIERIRE 2 38 4 1%
o FAE K Sz H PR S » B E— R E A s &R g
178358 - [E4-1-14 S 4Ra T RS A A 2 BB R BLE R R E R E R A iy
AR S 2 LR E (DUHB R EOT N EH) - B8R e 22/ ERYAr
B OEENZERA Ny EEE AR ALE20227E ~ BREA11921231% > HE K
LG R4S BT T R ERHE K G 2 ABRA (RS MR AREL ST REITAT
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COV( H reamasisdaa» s, 0 i)

p= (4-6)

O-HS , reanalysis dataO-HS , SD model
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120 2SR T b o BEAREIAT 4043 B By MR DR A > S » ]
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latitude(°N)

A SRR Z PR R BB R B — S M T AR - MRS VU EERY T 2
PRHEBERE > BEERRAIFRA-1-TRR > EP MR E Az et =P En Ll
EiEAE > N IR 2 PR ERIBEEZ GCMIE T » S HEREERAL OEl oy
W RBRAVIAR -

TEGCME G ZE 5 2 MR E R R ER B ER EIRV AR B S st - b
FERCPS SR IEIR R » 122020 222099 F-45 TR ¥ /& i A RS T AR ACR = FEUHI
B SR A 8 O Y [T 55 47 B DU PR B 2020 5 20394F. ~ 2040 20594F ~ 206042079
.~ 20804220994 - CEEEGHA ~ 1 ~ RAEA[EIEEL MR ELHERRE &80 - Bk
T Bl ZE 12 Y 22 (lE GCMAE = BEAR CP8. 515 5 7 g~ a1 B &R 7 Bl 2t PO (&l B
B A B &E TR > FE K -Means J7AHET T M » RIS P& ECHYZ = 4iat
SIATHEMAS R EIE - FIFRFELE 25 E B VU (E P& EL AR = 8 o [E4-1-16 /% 4E
PO{EA[E]FE B FRCP8. ST 4% fhdfa e RS AR MR = TRORIAS SR - & EAYE LA
SR TR 1 R AR » ERE I U B R (B GCME =Y AR S5 E
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[EEHRARE » 20204F 22039445 AR - Z/Epe LB Bl I ¢ A B 1L
AT —PE AR 2 (E A [E B — Bl B RV B K o 17 20604 2207945 TR 1A
[ > RECE AR ERVE L ES - TE7E SR Ry R F I H A & S A ) 5 HH B 8
1B FE N —PEELZ IBHEAE R - P EEER R - (EFE AV BB AR R = (BB 5
P R A B E - TERIRPSER A B B A NE S, - ASTERHER AT AR 2K (2020
2039 )R R BB E (B R : -
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RA-1-7 RIS R R B CCMIE A4

Number Model SI RE SIpir SImam Slia Slson Consist
Q1-1.5IQR Q3
Thresholds 1.1642 0.34901 1.4839 1.4078 2.9167 2.1282 +1.51QR
01 ACCESS1.0 0.84861 0.30549 1.0607 1.1626 2.2984 1.1873 \%
02 ACCESS1.3 0.78381 0.29707 1.0509 1.1759 2.0092 1.2533 A\
03 1.889
BCC-CSM1.1 0.80672 0.28307 1.0292 1.8046 0.92347 A\
(out) (out)
04 BCC-(E}S)M].] 0.5974 0.2255 1.1457 0.69792 1.5467 0.90639 A\
05 CSIRO-MKk3.6.0 1.1583 0.34492 1.2135 0.96464 2.8657 2.073 A\
06 EC-EARTH 1.2283 0.28726 0.95511 0.79653 2.9883 1.9432 A\
(out) (out) (out)
07 FGOALS-g2 1.0595 0.3096 1.0589 0.68667 2.7441 1.8833 A\
08 HadGEM2-CC 0.82492 0.28391 1.6712 23255 1.9813 2.0489 A\
(out) (out) (out)
09 INMCM4.0 1.1583 0.34492 1.2135 0.96464 2.8657 2.073 A\
10 1.3434 0.38374 3.695
(out) IPSL-CM5SA-LR (out) (out) 1.0969 1.2699 (out) 1.8915 A\
11 IPSL-CMS5A-MR 1.1173 0.29927 1.2096 0.88747 2.809 1.7871 A\
12 IPSL-CM5B-LR 0.95428 0.28512 0.97581 1.207 2.6142 1.5767 \%
13 MIROC-ESM 1.018 0.35731 1.4049 0.97158 1.7834 2.1804 \%
(out) (out) (out)
14 MIROC-ESM- 0.36205 2.1406
(out) CHEM 0.93801 (out) 1.0879 0.90883 1.7446 (out) A\
15 1.563
MIROCS 1.0388 0.30204 0.92053 1.8438 2.1133 A\
(out) (out)
16 MPI-ESM-LR 0.78211 0.21206 0.82947 0.81181 1.9495 1.356 Vv
17 MPI-ESM-MR 0.79375 0.2345 0.73004 0.63769 1.9562 1.4553 Vv
XALTFH I Rt AR 2 1=
2 = %33 1
F4-1-8  GiEtlE RS 2 RiEEEERIERY S04
Biilf oo T e E R I E
&1k 1.0065 1.1166
507N 1.0053 1.1187
FFE 1.0021 1.1160

XIETTEBAROR S e - AR R =P B E s R
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FEEBCRIEZE T > BV E LT EREE VOEE o IERERRRZAIZIR o BRI
%Zﬁﬁ%@ﬁﬂﬁﬁé o AL - AFTERR %—m@ﬁt SERIEIT S > PrEtEIER
PR R R A KA ST 35N - IR E}‘Eﬂ?ﬁj:ﬁzfii%f o TR Rt R
I = 4 %ﬁ A PEIEEN R ~ Mg E B s B T RE S
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R A I o HETT R HAVUAESE 3 H A MERIITSE (2013~20174F) - @4bgeh &
BT B IR E RS PP K AR T~ RS ~ SR ERKH]
B SOENT AT FVU(E B AL FR L - PPk AR T (PSMSL)RY R AL nh S A & &
A05RA-1-9CF 7 i 7k AR5 /0 (PSMSL)Y R b (i B 7308 > (P R P EIR
Ve~ HAKIERE)FTUR » IR E T ~ LUK BLUER T2 AV 2 5

A& ENAIFRA-1- 107K - B IhR ] S AT A0 El4- 1- 17 > RS AL oo AmarE4-1-18
?ﬁ% °

®4-1-9 BTV K AR 0 (PSMSL) & e 2 Wi ih &

Country | Station ID. Station name Lon(°) Lat(°) Data period
Ch. Eng. Abbr. RLR Metric
610002 ik Zhapo Zp 111.8 21.6 1959-2012 1959-2012
610004 [N Xi Sha XS 1123 16.8 1990-2012 1989-2012
610016 W Kanmen KM 121.3 28.1 1959-2012 1959-2012
611007 | HBEE, | WaglanIsland | WGI 1143 222 1987-2012 1987-2012
China 611010 | RI#E% | Quarry Bay QB 114.2 223 1986-2012 1986-2012
611012 | KA | Tai MiuWan | TMW 114.3 223 1997-2012 1997-2012
611014 | JXJHZE | TaiPoKau TPK 114.2 22.4 1963-2012 1963-2012
611017 | 4R&0H | Tsim Bei Tsui | TBT 114 225 1974-2012 1974-2012
611023 e Shek Pik SP 113.9 222 1998-2012 1998-2012
646003 kN Nase NS 129.5 28.5 1981-2012 1981-2012
646011 tf2 & | Nakano Sima | NKNS 129.9 29.8 1984-2012 1965-2012
Japan 646021 Pakil Okinawa OKNW 127.8 26.2 1975-2012 1975-2012
646024 FillE= Naha NH 127.7 26.2 1966-2012 1966-2012
646042 | FIHEE Ishigaki IGK 124.2 243 1986-2012 1986-2012
660021 | BIFELL Legaspi LGSP 123.8 13.2 1947-2012 1947-2012
Philippines
660101 1555 Cebu CB 123.9 10.3 1935-2012 1935-2012

BERIRIE A T S T B R TR ST

R4-1-10 EEITATES PR RE FERE Z B EEER © PR 5 UL b Rt
damt > G DUNERFST 7 [k

Station name Station Records Data L.

Ch. Eng. Abbr. ID. Lon(%) Lat(®) (minutes) period Originator
1511 121.7 252 60 1991-1995 | EfEEHE
151 121.7 252 6 1995-2000 | EIEHEEE

HiE Keelung KL 1514 X X 6 2003-2004 |HERAMTIATE L
1513 X X 6 2005-2006 |  FPEHEEE
1516 121.8 25.2 6 2006-2012 H LR
153 121.9 24.9 60 1992-1996 |  4& 7 K FI &

b Gengfang GF 123 121.9 24.9 6 19962008 | RS

X: FRFIEE R AR AL A
BB ¢ S mE b T TR E R e 0
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%4-1-10  (B0) = EMATE

FRytCaaEs - AL LAER$t 7 mHE

B LR G B R I B © BRA 7 U AR ik

4-22

Station name Station Records Data
Lon(®) Lat(°) - - Originator
Ch Eng. Abbr. ID. (minutes) period
s 124 121.9 24.6 6 1991-2005 LR AR
| Su-ao SA —
' 1246 121.9 24.6 6 2005-2012 RO R AR
e 125 121.6 24 6 1991-2003 | FRESH
B3 Hualien HL
1256 121.6 24 6 2003-2012 LR AR
i 127 121.4 23.1 6 1993-2005 | HHRELE
paz)] Chenggong CHG
1276 121.4 23.1 6 2002-2012 LR AR
. 158 121.2 22.8 60 1976-2002 |  2E7EE/KF %
& [l Fugang FG —
1586 121.2 22.8 6 2001-2013 | &K E
119 120.7 21.9 6 1996-2007 RS
1BEEH Houbihu HBH
1196 120.7 21.9 6 2007-2012 RS
149 120.7 22 60 1976-2002 | &7 K F B
e R Syunguangzui SGZ —
1496 120.7 22 6 2001-2012 | ZEBERKFIZ
. 118 120.4 22.5 6 1998-2003 | HHIHELE
B Donggang DG —
1186 120.4 22.5 6 2003-2012 RS
L 148 120.3 226 60 1987-2004 | HIHEEHE
= Kaohsiung KS
1486 120.3 22.6 6 2004-2012 A
146 120.1 23.2 60 1979-2001 | ZE7BER/KFIZ
e Jiangjun G
1176 120.1 23.2 6 2002-2012 HRRRE
116 120.1 23.4 6 1993-2004 RS
A Dongshi DS 1162 120.1 23.4 6 1999-2012 R
1166 120.1 23.5 6 2012-2012 LRSS
i 1361 X X 60 1963-2002 | &CHELKFIZ
roNE Wengang WG —
1366 120.1 23.5 6 2003-2012 IR
. 135 119.6 23.6 60 19912007 | HRELE
B Penghu PH
1356 119.6 23.6 6 2007-2012 HRRRE
. 115 120.1 23.6 6 1995-2004 RS
SETE Boziliao BZL
1156 120.1 23.6 6 2004-2012 i E LR
1433 120.5 24.3 10 1993-1997 | EREiTiHZE 0
Lot Taichung Tcp 143 120.5 243 6 1997-1999 |AEERAMITFE 0
= —
Port 1434 120.5 24.3 6 2001-2004 |HERATHHZE 0
1436 120.5 24.3 6 2004-2012 R
¥ Hsinchu HSC 112 120.9 24.8 6 1992-2012 LR AR
111 1212 25.1 6 1992-2007 RS
"t Jhuwei W
1116 121.2 25.1 6 2007-2012 PR LS
X: FRFEE R AR AL IEE R
BRIGE 3 E T 7 P AR A R GRS e s
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#24-1-11  F A s &R B11993-2012

> T EERE A BT ERE RS, CERHFT > 20174) 9 - 8201352015
FEIE - MR 2P 8IRFE - BB (AVISO) & 2 s & kHE B =8 VU
JEHER(AEEE: 10°N~30°N ~ ZK1%: 110°BE~130°E) fE-5 R BEA T Hi1£1993-20 1 2448 1
YT E TR > 43R F5.2340.31 mm/year Ei12.43+0.32 mm/year ° |5 &R ERT

Al & 1993-2015 fli =% [ B @ H g V| BT 2 R 7 Bl By 3.52+0.25mm/year il
2.55+0.18mm/year ° {FARFEERIER TET » HREFL].7TIlmm/year » HJFE KR B
E120 144 R0 B2 BR PR S 0 s L 30 22 V8 F (B P TR T PR El - il b &R
VI BT HERR B RIS R ~ B R (AVISO) R —20 » A2 8RS
(six-parameters){fi 5 2 Pl EIHAERZFIRER 22 - ZEEENE VR IR
R AR R R EIG TR ﬁﬁ%ﬁa%@??ﬁﬁ“? B S R Al —
£ WL ERME R 2 ARSI (E 3. Smm/year [ £22.3mm/year - HETE XA
RAFRA-1-11 - G358 Bl » REtES BT EVFNUR - FER ST EEERET 2 B
fir GRA-1-1ALEfEEY) TRV BRI -

=8 HE R LT

/

Sea level trends (mm/yr)
Country Station AVISO (S/:izﬁli;:ng;gjﬁ;dgizgﬁii?i\lgtsegretanon °of| RADs (Radar Altimeter Data Acquisition, RADs)
Six-parameters|Multivariable| Difference |Six-parameters|Multivariable| Difference

7P 2.36+0.73 -0.28+1.11 -2.64 2.17+0.73 -0.47+1.11 -2.64
XS 6.24+0.76 2.36%1.11 -3.88 4.74£0.76 0.86+1.11 -3.88
KM 2.40+0.69 0.65+1.14 -1.75 2.20+0.69 0.45+1.14 -1.75
WGI 2.39+1.12 -1.34+1.63 -3.73 2.13+1.12 -1.25+1.62 -3.38
China QB 1.83+0.78 | -1.25£1.19 -3.08 1.4440.78 -1.64+1.19 -3.08
T™W 1.98+1.52 -3.43+1.77 -5.41 0.96+1.52 -4.45+1.77 -5.41
TPK 2.31+0.76 1.56+1.18 -0.75 1.63+0.76 0.88+1.18 -0.75
TBT 2.34+0.83 -1.10+1.33 -3.44 1.7840.83 -1.66+1.33 -3.44
SP 1.28+1.10 -1.51£1.26 -2.79 -0.17+1.10 -2.96+1.26 -2.79

KL 3.47+0.40 4.91+0.65 1.44 3.09+0.40 4.59+0.65 1.5
GF 3.76+0.61 3.22+0.69 -0.54 3.454+0.61 2.90+0.69 -0.55

SA 1.37+0.49 1.59+0.64 0.22 0.86+0.49 1.21+0.64 0.35

HL 1.05+0.71 1.58+0.95 0.53 0.49+0.71 1.17+0.95 0.68

CHG 2.79+0.52 4.60+0.81 1.81 2.1840.52 3.99+0.81 1.81

FG 3.66+0.43 3.97+0.68 0.31 2.89+0.44 3.28+0.69 0.39

Taiwan HBH 3.46+0.98 3.82+1.15 0.36 3.11+1.00 3.66+1.14 0.55
SGZ 4.95+0.52 3.23+0.81 -1.72 5.04+0.52 3.64+0.81 -1.4
DG 6.77+1.00 3.00+£1.24 -3.77 6.17+0.98 2.80+1.24 -3.37

KS 4.99+0.51 3.58+0.77 -1.41 4.94+0.50 3.74%0.76 -1.2

JG 4.78+0.56 5.48+0.88 0.7 4.73+0.56 5.43+0.88 0.7

DS 4.70+0.61 5.77+0.97 1.07 4.62+0.62 5.99+0.96 1.37

WG 3.92+0.73 3.56%1.10 -0.36 4.00+0.72 4.14+1.09 0.14

AL R LA S i BT BT
% @ Six-parameters £ Multivariable 737l B St A B B L HE R R EE T2

% 1 AVISO BIRADsSy il RS E It 7 2 B S E AT o A A IS R AR
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F4-1-11 (%) FI A & i B1993-2012 228 fH [E 40 g 1o
Sea level trends (mm/yr)
Country Station AVISO (SA;zﬁii:/ein(,)g;;z/iz;li)dgartaiggii?i\llritse(r)[;retation of RADS (Radar Altimeter Data Acquisition, RADs)
Six-parameters|Multivariable| Difference |Six-parameters|Multivariable| Difference
PH 2.23+0.46 | -0.20+0.70 -2.43 0.91+0.46 -1.47+0.72 -2.38
i BZL 4.44+0.67 2.44+0.99 -2 4.27+0.66 2.32+0.96 -1.95
Taiwan TCP 4.48+0.52 4.19£1.00 -0.29 4.05+0.51 4.44+0.98 0.39
HSC 2.92+0.47 2.01+£0.72 -0.91 2.43+0.46 1.96+0.72 -0.47
NS 2.41+0.59 3.5240.97 1.11 2.82+0.59 3.93+0.97 1.11
NKNS 2.84+0.54 0.92+0.86 -1.92 2.95+0.54 1.03+0.86 -1.92
Japan OKNW 2.92+0.62 4.06+0.99 1.14 2.67+0.62 3.81+£0.99 1.14
NH 2.52+0.63 3.27£1.00 0.75 2.23+0.63 2.98+1.00 0.75
IGK 3.25+0.70 4.38+1.09 1.13 1.82+0.70 2.95+1.09 1.13
Philippines| LGSP CB 7.61+0.64 4.07+0.73 -3.54 7.02+0.64 3.48+0.73 -3.54
7.88+0.69 3.48+0.81 -4.4 7.27+0.69 2.87+0.81 -4.4
All regions 3.52 2.31 -1.22 3.06 1.96 -1.1
Xt ALY R B TR BRI i B RRT 2 BT
X Six-parameters £i1 Multivariable 575! Ko fE &I AT f8 B R 1 B0 SR (A T2 2

% 1 AVISO BARADs Sy FllF R i Hlin it 2 2 & S Hhis Fr{sh A A Hls BORAROR

g~ EYREED

EEETRIEEEIFE R > ROCHE K2 Pl @ LR RFRKAL » I
FEMIRERZIFN - Nt - RERSCE LE B LA - fIobeks

i mimZ HE TR > ARHET TR B R - E05 U nE TR m IR O NIRRT
M AR o MERC SRR TE L R (5] PR T B b B - IR 23RS

T BB R AR AR T A A P A B (B0 - 24/ NP BB | IS pa i e ]
fir > EZ K FRERR ZH0) - Roifb TS ) BT NG ) RSB 2
&SR o FERC SRR AL E A S T s 2 (B ML 1 - e RiREE - 7
RES G R SRR SR R0 - ASTEHATIRA TEVVREREL ) SRR
REMRSCHEL - F USRS RT > AR G S B 2 SRR - Hilic e
PR AU ZE AL R TE Z SR AT > Al e] DA S B T s ES I RE S o - TR 8
{ErIERF (L -

Bk S & B R =B SO R IE 2B A 5 =Nao99b AR SE 1T T T A

Iy MBI T SRRV o AR 4-1-12 - FAE Y a5 rE DL JERERY &AL 2 1F

& NIRRT B G EGEREE A EMRAIT - (R TE o HIM2ARE > G H

BRI B B A — B ECEE R i B DA — (B S BB RE e W R RETERE
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Lesser (2000)191E%: » BHERIEIRES — LIRS =2 e B RES T » AR
SRR D — (4 25 B C, B AR S e ply— AR (e »
PREIE B C, = 25,K, © AL gy :% SRR RALLE] - SR R LY
TR L 2 1. 06CR FIHE B BT AE A R FAE R - 4975 1.02~1.227 ) » MO b
1.06%(C,+M,) B 53 &k » SrBi i (B F24-1-13 » LT (5 2 Bl o Sy
B e AT R A B AL E R - R R
4-1-19 « i LT R AT e i 2R B 5 [ (R (2 HL [E14-1-20) -

RA-1-12 ROCHEF &R

Tidal constituent |  Amplitude NW Phase NW | Amplitude SW Phase SW
M2 1.245 311.64 0.656 296.43
S2 0.37 350.51 0.179 334.41
K1 0.266 264.98 0.233 268.03
N2 0.234 284.48 0.131 269.89
M4 0.209 223.78 0.201 226.43
01 0.085 260.69 0.075 264.24

®4-1-13  FEYEEIAL Z SR AK AL SR O R

Tidal constituent | Amplitude NW Phase NW | Amplitude SW Phase SW

M2 1.2801 311.64 0.6747 296.43
Cl 0.6024 307.75 0.3923 301.22
1:5 T T T T T
Full astronomical tide
ik Morghological tide 1
%)
s 0.5 H L
E
¢ [l
: | p
© _ 1 i
$-05 U “ H
2k U ]
_15 1 1 1 | 1

5 10 15 20 25
Date

[E4-1-19  EPREH B B 2 PR
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n (m)
W= O = N W R
1
1

T T T T T T T T T T T T T T T T T T T
RFERSCH | A

time(hr)
[E4-1-20  FALIEIE R A

T T T T T T T T T T T T T T T T T T
AR |

2k i
3k i
4 i

_ 5 | 1 1 1 | 1 | | | 1 1 1 | 1

| | 1 | | | | 1
1 2 3 4 5 6 7 & 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
time(hr)

Bl4-1-20  (BEDEATRA L

T T T T T T T T T T T T T T T T T T T T
Fute | -

1
N
I
|

| | | | | | | | | | | | | |

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
time(hr)

[E4-1-20  (4E2)zE g U

1
w

—
N
w
o
wn
fe 30 =
~J
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42 FERIESE

AEFEBRARHGE 28 R i B M E L E A3 & (TCCIP)RYEHE R AR
ST BLUR AR R B B fréd 2R AF Ry s /KA PR & A fR(F - H AT > TCCIP
5 LU AV IPCC-ARS(IPCC » 2013) Ay BRAE R ELRRE - PRty A S V&l )
[ RS B s e RS Y R A &R » Horp > B0 RS (i A & I R 5 X (Regional
Climate Model - f5HfERCM) > K GCMF KA & R ERHETTRERE » #5024
FE S AT R ARG 2 3t 2 3R/ N (B s A I P R SRR - H AT > NCDRFIF H AR G
(Japan Meteorological Agency, IMA) FEZE0T5E A (Meteorological Research Institute, MRI)
ZEEAVAGCMEENTE (20 ) KR ERIE A E R (Mizuta et al., 2014 ; Kitoh and Endo,
2016) » HETEISIEE R E 54T 5 LL2075-2099 FRHIPCC-ARSHYRCP8.58R LG » &R
WL~ AR~ DURM AR =MEER T - 7 SRR &S Bk B /K g 5 A - AT10#4
W R IS TR 2Bk -

iE PREN T F KU AT i s YR 2 E0R - (HERe iR (iU 1L B I ESRR 7y
EHEG R E - Bl —ROa K TR R ERIRES A S = - SELUBHCRS - K
TR ILES - TCCIPSFESAEB R RE 2S5 - [FRF 2 ftanst e ER I IR R E R
TE Rl SEEH i 2 - St le R 2 A RIHAVBUITERHE R (G AT BLSR(5A
AAVHEMS S B EITIEY - DI 7 AB IR KSR AT e G iR E - EMEHEEE
SRH SRR HE A B MR EHE (S A B (L 2 E R AV AREETRE (3 > IEF R AR AR R &R
AR EAERS E - HAITCCIPEER]IPCC ARSHI33(EAGCMIEZHY H PR & (AT
J&250km) - LlQuantile Mapping /5 7A 1Tt K04 > HATE &I Te ftEds) JylE K
JEEAH [ HY 2= el AT T (Skm) B H BT 0k} - 2A1990/5/1-1990/6/301 M 2 ] - 4eatliee K
T“EI’JZ*%EE@JjJszEE%%bbixE%’eT\ﬁ(ﬁD?E4-2-1) {EH A AE B PR B R B Y
B WHETREHVHRIIHT -

fRIZ IPCCSE T R aVAf i 25 ARS » R i B 3 (Y 15 5 £ & RCP2.6 ~ RCP4.5 »
RCP6.0EARCP8.5VUfE E L » 73 BIRERR A FEIH R = RAGHEBURE S Lish - H
FERCP2.61FEF » PEIT21004F — EALhRAVEE B &2 5421 ppm ; RCPA.SIEHE 2 F|
538 ppm ; RCP6.0/% 15751670 ppm ; [fRCP8.5{EEZHIHG €3£ F936 ppm © A » #&F
it 21004 E11 7504 7 [EJ 5 5\ R AYEE St 5828 7 (radiative forcing) » 43 31T 2.6
FL~ 4.5~ 6.0B48.55 - Ntban#2 - BRGNS - RCP2.6CFRR (LI 4R oY TE 5 (B 500
JIE21004: 25/ D %) © RCPA.SBIRCPE.0f (R & Iy 557 (Fa 5 78 10 JTHy 82 (L 1E 2100
F 2 RTEERRR) ; RCP8.5AI Ry R 2 SR & & FE Y 545 (a5 7 18 T/ 21004 2 77
EhEEh) - A o TCCIPa]HR(tiE L HA(344H) » ARZKRCP2.61%1%(224H) ~ RCP4.51%
1% (304H) ~ RCP6.01% 12 (174H) » LUK RCP8.51%514 (3340 4k st % R H i &k} » ik

4-28



WM ANE4-2-2F71 > F 8] o e] 7 HIRCP8.5FTig pl i [ bl 0 B K > (L > AR
PRFIRCP8.5H4FEaT I Kb B BRI TR S /KB e -

EHRERN #at

_:]:_(mm/day)

Bl4-2-1 Byl R B R R e LRI AE © TCCIP)

rcp26 rcp45 rcp60 rcp85
2 ' LR
’E.‘»g? @ ‘t‘gé? - g‘v" ey W D
1= A% T L ¢ 1 ya it A |
/ iy / ? / ;
=z yé / / f y } 4 /
7 \ . \ /_/‘ A ¥ . Y .
U s W W LJ

-20 -18 -16 -14 -12-10 -8 -6 -4 2 0 2 411 6 8 10 12 14 16 18 20[%]
El4-2-2 REAZEREE T4 HE R e H R LLEGERIICR © TCCIP)

ABHFEE oIS TCCIPHE it Z B GCME A (B R AR B R/ 4021 F4-2-1) »
RCP8.55R M IEIELE [~ - 3 BITERIH AR AT AR ~ 5’&%@@%&2%%@%%){'&21_5%5
Bk AR BEDIEIBRT > SHAESOFEEIUN T~ A {EGCMIE H [ & 1E
EL A (1981-2010) £ 4T oA 2 (2036-2065) 1Y 2= ] o3 AT » ANIE =For - BERIMNE » kT
MPI-ESM-LR4| - 4T R 2HY H b & 40 = 308 Iy g 25 - Hoop Jg LIBCC-CSM1-1 81
IPSL-CM5A-MREY R &= I8 R 5z A HHEE » ZA1 » IPSL-CM5A-MREEHAEL T R A Y i
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BorAn L SPHE I 2 R A — RV DN Ss o HhRhE A A BE 2R K -
It o ARIRE ARG B ST — B AT 1R > AR ERHUBCC-CSM1-1HY H bl EAHEHESE
R TR A /KIEEE -

TA-2-1 RIEEE RN R A(GCM) B 531

Nt B St
BCC-CSM1-1 Hi NCAR( % KRB o 0)CCSM 2.0.1 B & » & 52 4 #8 4 (19 Global
Climate-Carbon Model » E&R[EIYIEAH » H i A SE 77 BBCC-AGCM2.1 ~ JEEE 77
FsMOM4-L40 ~ [EH1E 5T FsBCC-AVIMLOLLK /B /KSISME BHHENE » AI 5 H.
AAE A EBRRIEER - (A EEEE - gER - KNRAVEEMHE L2 -
HadGEM2-CC | S5 _AAYHadGEMIHE - B MR PR M ISR 42t - L Eiid « RRED
73 Ky HadGAM ~ g 73 0 57 Ky HadGOM2 ~ i#th % & 53 fy MOSES2 ~ 8 #7 & 73 /&
TRIFFID ~ JE 4 Wi Bk EE2ES 43 Fydiat-HadOCC -
IPSL-CM5A-MR | B & 5E BERTHIBR 280158 - B T B AR SR -t -tk = - I8 B RREER -
F R A (aerosols) 71 V-5 g b I T i B ER AR -
MPI-ESM-LR | iEiBEER - By - /KPR BT U — S (L RSB & AR R
[ttt e -
NorESM1-M NorESMJg LANCARPH & 11CCSMARE . Ry LR St 1y - TR HVEL 77 #MICOMITBE 5%
FRAFTEUR, » RSAED > AN EREA ISR BT RRARIEHE - mI AR SE AT A R mTRE S
h R
& k)
bee-csm1-1 1995 bee-csm1-1 2050
Bl & (mm) B E (mm)
| [
[ e I
[ -4 TR
I s I s
I s [
B - B -
| R |
| B | B
| EEEN | s
o | B
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0 125 25 50 75 100 0 125 25 50 75 100
(@) bce-csm1-1(EHA) (b) bce-csml-1 (G A 2K)
N N
& k)
[adGLEM2-CC 1995 HadGLEM2-CC 2050
PR & (mm) FHE (mm)
| e |
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[ 0 anam
I s I o-sw
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| EERad W -
| R |
| ECE | B
| EEEi | s
o | B
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(c) HadGEM2-CC(:H) (d) HadGEM2-CC (37 #:5K)

[E4-2-3 A FEIGCMEZUEALHERT AR A SOE B IR H P & 5341
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1 - A R TR SR R 898 s B A (B R AR - (B I HeZE FE A R
o HES B ERETIE RS R ERE SR S ERME RE R A - EGCM
ERRBEZFTHIZE AR RS 2 80R - Bl LS ERA ST 5 - AT
Ve REAE R AR0774 - AR piile 2 G BE » &atiee KOS & 2 THUHIAI - (predictor)
BTEHIE (predictand) » & 1 0 HEBUAME R Z s Fmig V&R - R DA
ST E R (historical reanalysis data)s {E - E & (quasi-real ) &R} AE MiHEA 2
A o ARZE MRS T > TR A S TS ERHME Rla A - REREE
GCMERFZE gt [ A R YRI5 T ERER - W A e GCMER AR ARV &G
AT E TR 2 TR 5 fERE RUEE 7T - 4eathee RUSE 2 R E 5 DAZE R A T 2 71
SR B 5 e b 1 2 TEORMELF R R R L S a T RA 5 PR E AR [EIRCIRAY TR 3K
FRTEAIE - CEEFZE R R HEY - AHFEsR 2 UA SRR DL N/ INGRTE By
s o

» ESTELA

ESTELA(a method for Evaluating the Source and Travel time if the wave
Energy reaching a Local Area) fyPerezZE A\ fE20145E52H 2 F77% » BRI
it ZE T RIS R AT TR « RORRAMEIEFE R E (local scale) T »
e OB R TR B ARV E SN » iR RAVAH R B TR R El A
ZEGR LU SR P R IR SRR I i A 5 e B AR R PR
{Ti5SE - A e LI IR RERTT Ry WA [ REV AR AT AL B =
feE YR E EISHYsZ 2 - AT A2 HAY R iR R 2 4= B B e 4K
M EIRFYEE 2 HiE R (target point) » HEEEAEZZ M B2 534 - HEMTE TR
ST RS 2 7 BE S (sea level pressure) &t} 2 28 &R [E| -
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AR L BivER T AR EE - BE H IR LR BB
Z oVt > LA E S5 5 i A (azimuth )4 2K B3 (great circle) > {£15
JEIEE AT SRS BLR [BIIRHE - EACRE A P L4 i 5 1Y 22 [ S R s T Bk
W 1- 1A - 3% B AR I 775 B Gerling(1992) Bl Hanson(2001) 73 12 t
$HEE 77 & (spectral partitioning) (Y& BLT50% - H AT 4R E FREIEE
(sub-peaks)l& 737 RELEDR » & FHIONSWAP Il + BB R ELEUR ~ SHEE 1% E
T4 » LT 7AHIEE AT, )~ RORAEE T IH 70 i (D) ~ JT B (o )atE -
B F EAEEE (frequency-directional spectrum)fH N =iFER ¢

E(1,0)= 3 pgS (1)D,(0) 11

i /f/':"/ ’

///

/
/ / e
AL A

it 1-1 ESTELAJT A sHEIEFL - 414558057 B 2RIV » 4450 B iEEh4E
EIRER T 8L B & 2 fE I A 2E e E T B, -
(B F 78 © Perez(2014))

Horp p BoK&E ~ n Ry @ E - Si(f) B—4EJONSWAPRZ AT
AR

47 ol L £/t Y
s<f)=ﬂ92<2n)4f5exp[§(ﬂ ]y X ”,

213
27 f Uy, J
g

(fff1-2)
b= 0.033(

Hrf p RyREE R E S % (energy scale parameter) > f FIE{EAER - y Kt

bt —-2



>

INSE > AHFELL3 3MGETE - Uy R E10A REYEGE - D, (0) K713
ffiiLL cos JPAFR

D(0) = A, cos™ (‘9_7"‘) for —180" <6 —a <180° (Ff1-3)

Horf o B3Rk (source point)Fs [ FAZEL > Y > S8 A, B s 5y
(E AT ANV

s:%—l, o-:\/J.M{Zsin(EH)} D(6)do (fF1-4)
o N 2
A2=F(S+1)/{F(S+;)2\/;}, F(x):J':e—ttx-ldt (H1-5)

il TR - R 2R PRV SR BB B

® —ur Y 272' A
F("va,t) :IO E(f;r,oz,t)e “ ngf’ H= 2—=— = (_] 2Va (]g'ﬁl'6)

P9,

Foopr Ryl RhEL H ARG B ~ o Ry REERRE TR H AR A 22 R R
Hpl p, =0.0013 By 22 @ ELKZ FIFIEL(E ~ v, =1.4-10° m*s™ By 225 2 3
PEGREL - F£Q2-5)A T E A B EREFRD 12 REGNBRE R o) #IE
Z HEER > BRI A B IR 2 R B Rt - 5T R EE 8
Ko NIRRT RAS BB IR EE T 2 SR M BUS A A - S&f& LA
PR A GET R B IR R H R0 F=UFRoR

j: Eriran€ "df
Trany =T = (FfF1-7)

(r,a,t)

*® —ur
jo E 1€ " df

F

(r,a,t)

FLopr RyltRh e [ ARRAA] 2 B BEIA Ry - ETRE R R

C, et -
F R I
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F Y7 57T (principal component analysis, PCA)EZ & 45517 E
W2 A > AR R EREBE R E RS HERA 520 (S S8 M
A BARRRVEN. H B VIR R E R E R Z N » sEIRA RS HIFEER - L
TR ~ BRYEERIHYRUR -

A AR SR EP AR RSB E R A< X HAm
(Es2 % > HAR(EE 8o N N (E i e B b - HRoR R

M) X)) - x| %

Xa(W) Xa(G) - %)) [X

1T 25 A R 1% (linear transformation) 1y 55 » SPARRH X (R HI < FEiHR
iR 2 SR Ry Y HFoR By

Y, (t)

Y = yZ(t) :CTX (Igﬁtl_9)

Yo ()

HLrpRER C Ry (BB - 5 RE b X SRR I8 {5 LA 82 F 8 (covariance)
TR

Covlx, x;) = Z(X (t) =)0 (6) = %) (KF1-10)

k=1

3y AR AR X A P R B ¢
Cov(X) =

CELO, ) —x)T B —x) (% = %) T B[ = %)%, —%,)'T |
B[O, — %) = X)'T B[ = %)% =%)"T =+ E[(% = %)X, —X,)']

|E[(X = X)(% =)' T E[X, =% )% =%)TT -+ EL(Xy = X)Xy = X) "1
(FF1-11)

Horp b SRR Ry SR A FRE - #2254 A T (diagonal term)ft ) fy S8 BB AR
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X SR S RAZE | (IR AR5 2R X BRI BRI Sl
I 2 T BRI RERRERL A - TTPCA 2 1 58 LtV 5 P
WY o BRI R - D R

Cov(Y) =

CELY,— YO, ¥)'] 0 - 0 ]
0 EL(Y,— Y)Y, ¥,)'] - 0

I 0 0 B Y)Y = Vi)' 1

(H1-12)

Wit B TR IS A TE S o B WAEE S S &
SR X AR AE -3 (zero-mean) iR 3 -
Cov(Y) = %(CT X)(CTX)"
_L C'XX'C
N
=C' [l XXT )C
N

=C' Cov(X)C

(H1-13)

Cov(Y) Fubife i + Cov(X) J iR » 11 1R o bl 8 E
B S TE AP (AR » DRI (BT C LB Bl X MR 8 L TE
SEREHE S ATE P LA » RN B Y AR — SR, A7t
MR BB 7 T2 55— 8 B S 99T Bk .2 n (I
FLn<m - SRR RES ORI SRR R BUEREC » (B(5 Y St 2
FERHILL Y T+ BT AT ©

Y2 (D)

vi=| 0| (cy x (¥t 1-14)

Y, ()
K-Means&EE£ 734
ERESHT(cluster analysis) By S5 (EsR S DR FUBDRNE - St
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[EHH L (the degree of similarity) 3T 7345 > RN ZHYAE B AR IEHE(F
25T B HRE S H AL - AEAHHZE T Y574 Ry K-Means B2 7747
% EHA B AEmEEY > HE-SBEANMEEE - W Frms 2-85
TR AETERF b BARHFIAER X =Xy, Xg1 o X}, 1212, .0, N)H
HETE K (EYRHERE T La(centroid) © v={5,V,,..,vo k=12, m - Er
D8R 5% B FEf (Euclidean distance){E fy i DR EEFUF5 /T (Hastie, 2001) » H5&
A

d(Xi’Vj)zi(Xik_ij)z =Hxi_VjH2 (IWI-IS)

I B A L B COBE U BB L RIA AR LA S - W5 e
P RLITHN 5 R — L2 (%  FHE& BB BRI IIDL TS - S
KAESERE L =V, Vy. o Vi ARTEAHRS BT AR - EEIEREC LR
S Rk o R LB B TR ¢

X

vit=> - (§1-16)
%eC; n]
Heh v SRR r TR B 5 [ HEERE - C R X B RES | (R

Bkt n B JESEFER ZBUIIESH -
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fiegk —  SR=UREEEURIEZ

The WAMDI Group (1988) HYBHFEHTT - H 2 A StEHER /R ES, - &
=IAERE EURIE A B A THHIEUR 2 B 77 5 AEAL 29 (phase-averaged) HYJSH
s R RE A RCR I E N B IR BB (Komen et al., 1994) - [Nt » AHH5E
ST E BRSO i RS A AR - 5 = AUREE EUR A ZAWWM-IIT (Wind Wave
Model 111, Roland et al., 2012) fEEEHREEET - WWM-TITE AL FHEZEITE &
RSB - FHEL T EURAE B 2 /8 (Su et al., 2018 ; Shih et al,
2018) ; Chen etal., (2017) Hil{#EFHWWM-IIAYHT—HAWWM-IL » 5 36 Ee EUECE
Ke5(set-up) EIFFIIEREL 22 - WWM-IIEA G- RZ0AAE N Z DT AR
1NN

N OCutu)N 3(Cy+vN (CN) a(CN) s

+ + + == -
a ox o o0 0 o (Fy2-1)

Heps N BRI g Co B1C,, Rl BEsiE X, Y Haz sy U B
V EisiE XY FlEZ a8 o Bis a0 BiEs C,81C, Ko, 0%
127 (BRI + Sy Byl 88 FLRIE > 48R - WWM-TIAY I/ NIE [ E50° > SR AR )
#5360° > 57 36{Ebin ; BESUR N 2 f e B (RS R ] 77 51 /550.03 Hz [z 1.0
Hz > [Ef% 57 F36{fEbin ; 2272 JONSWAP (JOint North Sea WAve Project, Hasselmann
et al., 1973) JEHFEIEHEEEF50.067 5 2/KEE 2 st E M (Battjes and
Janssen, 1978) FEt Z J77% » W ABECE /50.78 5 JK-K A GAF I Z IRER TR
DA Hasselmann et al. (1985) #& H| 2 #f 7 3¢ G #7 L  (Discrete Interaction
Approximation, DIA) JIPAEEHE - SCHISM-2DIEEREJEZE ~ e P25 R BEL/K T
= R R JEORME T 5 1T WW M-S = I i 5 0 (0% — 4 i =2 /K B D
I\ © SCHISM-WWM-ITK S8 -7 4 - JEUR 4 #8 & 12 2 s 3B J7 A58 2%
Roland et al. (2012) -
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	因應氣候變遷之海岸風險評估(1/2)
	Assessment of coastal risks to climate change-related impacts(1/2)
	摘要
	執行動機：
	執行方法：
	執行成果：
	一、已針對各國(美國、日本、紐西蘭及荷蘭)進行「海岸韌性」防災資料蒐集，並概述各國針對海岸韌性提升所實行之辦法與評估方式，並於本年度計畫選定「荷蘭」做為案例分析之對象。由案例文獻可知，荷蘭治水主軸計畫為三角洲計畫(Delta Works)，早期治水方式是以封閉大部分的入潮口來抵禦(對抗)海水入侵內陸，惟仍因暴潮影響而有災害事件發生，進而由「對抗」思維轉換為「還地於河、與水共生」的觀念。三角洲國際聯盟針對「韌性」評估有擬訂「韌性輪」的方式，來針對各區域進行韌性評估，而亦有將此評估方式，運用於鹿特丹進...
	二、除國外案例蒐集分析外，本計畫亦針對國內歷史災害進行資料蒐集與分析，目前已針對本年度計畫區域進行災害事件彙整，且透過災害原因、背景條件、致災區域及發生原因等層面進行研討，俾利瞭解各歷史事件致災之源由。另各計畫區域之相關背景資料蒐集亦為本計畫執行之重要項目，因此蒐集計畫區域海岸概況與自然環境背景概況，藉以提供數值模擬建模及事件驗證所用。此外，參酌前述國外案例海岸韌性評估方法與指標，進行國內與海岸韌性提升相關資料蒐集，以利第二年度改善示範區域所用，蒐集相關資料包含海堤資料、防洪設施、治水對策等。
	三、於氣候變遷情境條件分析方面，已有針對「海象」與「降雨」兩種情境因子進行蒐集分析，海象方面主要蒐集GCM的氣候變遷資料，再透過「數值模擬分析」與「統計降尺度分析」兩種分析方式，進行氣候變遷海象條件之建立；降雨方面則是取得TCCIP的「統計降尺度」降雨資料來擬訂氣候變遷情境條件，彙整兩種情境因子則可擬訂本計畫考量氣候變遷情境所需條件。海象方面為設計波高、暴潮偏差及海平面上升，其中設計波高與暴潮偏差均是考量50年重現期之極值分析結果，透過氣候變遷增量數值，進行情境條件建立，另於天文潮方面則採用潮汐能...
	四、本計畫已建置所需之「海洋模式」與「淹水模式」，並透過事件資料(梅姬颱風事件與823水災事件)分別進行模式驗證。透過已調校後的數值模式進行各計畫區氣候變遷衝擊評估，先以海洋模式，配合海象情境條件進行基期與近未來暴潮溢淹模擬，並萃取近岸區域河口水位與越波水位資訊後，提供淹水模式做為下游邊界，再由淹水模式完成海岸溢淹災害衝擊評估。其成果顯示：
	1.暴潮溢淹範圍不大，多集中在沿海的魚塭，尤以雲縣林台西鄉與口湖鄉、以及嘉義縣東石鄉與布袋鎮的沿海地區較為明顯。基期之溢淹範圍與深度都較近未來稍大，並以彰化縣芳苑鄉的王功漁港、雲林縣口湖鄉港西村和嘉義縣東石鄉塭港一帶增加較為顯著，顯示近未來海平面上升將使暴潮時的潮位增高，導致沿海某些特定地區溢淹稍加嚴重。
	2.同時考量降雨與暴潮的影響時，河川與區域排水周遭的淹水情況大幅增加，其中河川以北港溪、朴子溪和八掌溪最為明顯，區域排水則以彰化的石筍排水、洋仔厝排水，雲林縣北港鎮的山子內大排、以及嘉義縣義竹鄉的新庄大排附近淹水範圍增加較多。
	3.降雨與暴潮同時影響下，淹水大幅增加的原因，應為河川與排水系統的下游水位受到暴潮的頂托，排水能力大幅下降，上游山區降雨逕流流入河道的水量無法宣洩，使得河道水位高漲；同時若降雨同時發生在平地區域，將導致地表漫地流無法順利排入區排之中，最終造成內水淹水的範圍、深度、以及延時同步增加。

	五、考量現況環境與氣候變遷衝擊成果，分別繪製基期(現況)與近未來情境下，海岸災害風險地圖。其中，脆弱度中的堤前波高資訊與危害度中的溢淹資訊，亦有依據本計畫模擬成果更新，暴潮溢淹因子亦以考量現有海堤情況給予條件，以利繪製較符合現況的海岸風險地圖。
	關鍵字：氣候變遷、海岸風險評估、海岸韌性
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	1.滯洪池除防洪減洪功用外，亦具提供水資源再利用之潛能，可將豐水期過剩降雨蓄留，經妥善處理水質後，提供作為枯水期用水所需。
	2.透過減抽地下水而達防治地層持續下陷，同時滿足現今生態環境與水資源永續發展之目標。
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	3-3-4  計畫區域海岸地區綜合治水對策案例
	一、舊濁水溪排水
	1.地理位置
	2.綜合治水對策
	(1)排水路整治：排水路用地拓寬無問題者，建議以拓寬方式改善；改善排水路斷面(拓寬或浚深排水路)，以暢通水流，增加河槽通水能力及降低洪水位，建立排水路之基本排洪能力，以滿足保護需求。本計畫排水改善仍以排水路整治為主，需辦理改善長度計82 公里。
	(2)截流分洪及改道：對於經過建物密集段之排水路，檢討於其上游截流改道，避開建物密集區段，解決拓寬困難之問題。經研擬評估結果，需辦理溪湖埔鹽排水下游出口段改道工程(長度250 公尺)、溪湖鎮148 公路截流箱涵工程(1,985 公尺)。
	(3)滯洪池減洪：排水路兩旁建物密集無法拓寬者，考量於上游適當位置設滯洪池減洪，降低下游洪峰流量，以達保護需求。本計畫檢討於清水溪排水上游田中工業區東側農地設置滯洪池方案，經評估比較結果，因需大量徵收私有土地且所需經費太龐大，未來執行不易，故採用既有水路拓寬改善案，滯洪池列為替代方案。
	(4)取水閘門改善：舊濁水溪排水系統灌排兩用渠道眾多，排水路沿線設置取水閘門取水灌溉，部分斷面太小形成通水瓶頸，應一併辦理改建。現有制閘門部分為手動操作之捲揚式閘門，未來改善應朝自動控制設計，本計畫建議採用傾倒式閘門。
	(5)沿海地勢較低之中小排出口，需設置防潮閘門防止外水倒灌，自動閘門採設有配重設備改善，以提高排洪效率。


	二、萬興排水
	二、萬興排水
	1.地理位置
	2.綜合治水對策
	(1)排水路整治及滯洪池：排水路用地拓寬無問題者，建議以拓寬方式改善；整治排水路斷面(拓寬或浚深排水路)以暢通水流，增加河槽通水能力及降低洪水位，建立排水路之基本排洪能力，以滿足保護需求。另外，考量於萬興排水及第四放水路中游配置滯洪池減洪，經研擬檢討結果，需於大排沙農場設置萬興排水滯洪池面積約30.7 公頃，第四放水路滯洪池面積約21.8 公頃，以及在新寶橋附近設置新寶排水滯洪池面積約10 公頃左右。搭配滯洪池減洪外，本計畫排水改善仍以排水路整治為主，需辦理改善長度之排水路計48 公里長。
	(2)截流分洪：對於經過建物密集段之排水路，考量於上游截流改道，避開建物密集區段，解決拓寬困難之問題。經研擬檢討結果，需辦理新寶支線排水截流溝工程(1,070 公尺)。
	(3)取水閘門改善：萬興排水系統灌排兩用渠道眾多，排水路沿線設置取水閘門取水灌溉，部分斷面太小形成通水瓶頸，應一併辦理改建。現有制水閘門部分為手動操作之捲揚式閘門，未來改善應朝自動化控制設計，本計畫建議採用傾倒式閘門取代傳統捲揚式閘門。
	(4)利用暨有都市計畫區之公園綠地等佈設減洪措施，如雨水貯流設施及增加入滲措施(透水性鋪面)等，減少及延緩降雨排出量，提升下游水路保護標準。
	(5)沿海地勢較低之中小排出口，需設置防潮閘門防止外水倒灌，自動閘門採設有配重設備改善，以提高排洪效率。


	三、彰化南部綜合治水
	1.地理位置
	2.綜合治水對策
	(1)排水路整治＋低地蓄洪搭配抽排方案：針對排水路拓寬整治後，仍無法有效減輕淹水之低地排水區，搭配設置抽水站及蓄洪池減洪。抽水站設置含芳苑二排、新街排水、下海墘排水及西港村北側等。蓄洪池位置含新街南排水、過湖排水、外五間寮排水、頂西港排水、下海墘排水、山寮排水下游，及魚寮溪排水出口北岸等。
	(2)地貌改造：從長遠著想，低窪地區地貌重整方案以新闢之蓄洪池挖方及其他土方填土改造地貌，升高地表高程，搶救失落之地平線，復育國土，可徹底改善淹水災害，提高土地利用價值，重塑鄉村新風貌， 確保區域產業之發展，使國土得以永續經營。惟所需土方龐大，不易達到足夠之填土高程。由於蓄洪池挖方不足以填到低地地表完全可重力排水之高程，故要改善低地排水不良問題，仍須採行前述相關排水改善方案，才能減輕淹水災害。


	四、雲林南部沿海地區
	1.地理位置
	2.綜合治水對策
	(1)排水路整治＋低地蓄洪搭配抽排方案：針對排水路拓寬整治後，仍無法有效減輕淹水之低地排水區，搭配設置抽水站及搭配滯洪或蓄洪設施，支線出口抽排較適當之抽水規模約為0.3~1.5cms/km2。。
	(2)沿海地勢較低之中小排出口，需設置防潮閘門防止外水倒灌，自動閘門採設有配重設備改善，以提高排洪效率。
	(3)地貌改造：從長遠著想，低窪地區地貌重整方案以新闢之蓄洪池挖方及其他土方填土改造地貌，升高地表高程，搶救失落之地平線，復育國土，可徹底改善淹水災害，提高土地利用價值，重塑鄉村新風貌，確保區域產業之發展，使國土得以永續經營。惟所需土方龐大，不易達到足夠之填土高程。由於蓄洪池挖方不足以填到低地地表完全可重力排水之高程，故要改善低地排水不良問題，仍須採行前述相關排水改善方案，才能減輕淹水災害。


	五、嘉義沿海地區綜合治水規劃
	1.地理位置
	2.綜合治水對策
	(1)排水路整治＋低地蓄洪搭配抽排方案：流經低地含大面積高地之排水路幹線、承納甚多支流抽排量之排水路幹線及漁塭抽排區(漁塭區遇連續降雨常自行抽排)之排水路潰堤、溢堤，易導致低地嚴重淹水災害者應優先辦理整治，設置較安全穩固、足夠堤頂高的堤防；而對於集水區幾乎全為低地排水路，則首先應設置完善之閘門(捲揚式閘門及自動閘門雙重閘門防護)，以避免外水倒灌。計畫區以集水區中、上游蓄洪功能較佳且較易取得、可兼俱水源供應及休閒遊憩等功能之大面積土地為考量，計畫區內用地較易取得、面積較大之土地為台糖溪墘農場、新庄農...
	(2)高地排水路可採重力即時排水：由於現況渠寬不足，排水能力無法顯著提升，若其中上游未設置滯洪或蓄洪設施搭配，其排水路整治須有足夠之有效通水斷面；低地排水路因無法即時排水，需搭配滯洪或蓄洪設施，排水可依現況渠寬整治，若無抽排量匯入，出口已有雙重閘門保護，應避免再設置高堤。
	(3)沿海地勢較低之中小排出口，需設置防潮閘門防止外水倒灌，現有靠閘門上下游水位差自動啟閉之閘門，大多為不銹鋼或鑄鐵材質，因重量太重，可開啟度小且水密性不佳，降低閘門通水能力，延長淹水退水時間，應逐漸以設有配重之自動閘門取代。
	(4)鹽田溼地蓄洪：布袋鹽場總面積約近2,000公頃，目前鹽灘地呈現濕地型態。由於鄰近鹽田區域豐水期之地下水位頗高(詳鄰近布袋鹽場錦湖站及東石站之長期觀測紀錄：錦湖站豐水期地下水位約標高-0.6公尺至+0.2公尺；東石站豐水期地下水位約標高-3.0公尺至-1.0公尺，接近鹽田區域之實測水面高程(布袋鎮南側最低約-1.0公尺，東石鄉朴子溪南側最低約-2.0公尺)，且因本地區之潮位因素(大潮平均低潮位約-0.6公尺至-1.0公尺)，設置滯洪區若無配置機械抽排，重力排水不易。故本計畫對於鹽田滯洪區之規劃...
	(5)地貌改造：從長遠著想，低窪地區地貌重整方案以新闢之蓄洪池挖方及其他土方填土改造地貌，升高地表高程，搶救失落之地平線，復育國土，可徹底改善淹水災害，提高土地利用價值，重塑鄉村新風貌，確保區域產業之發展，使國土得以永續經營。惟所需土方龐大，不易達到足夠之填土高程，應急之法可先行對於低窪地區村落之主要聯絡道路應予以加高，以利於災害之避難及搶救。由於蓄洪池挖方不足以填到低地地表完全可重力排水之高程，故要改善低地排水不良問題，仍須採行前述相關排水改善方案，才能減輕淹水災害。
	(6)利用休耕農田蓄洪案與養殖改善案


	六、結論
	1.地勢低漥，地面坡降平緩，排水條件差。
	2.地層下陷，外水位相對升高，排水問題更加惡化。
	3.甚多堤岸水門構造脆弱，增加潰堤風險。
	4.排水出口淤積，降低排水功能。
	5.漁塭養殖利用排水路取海水，降低防潮閘門功能，增加淹水災害及維護管理困難。
	5.漁塭養殖利用排水路取海水，降低防潮閘門功能，增加淹水災害及維護管理困難。
	6.排水改善及維護管理經費不足，無法提升保護基準、完全發揮排水功能。
	歸納目前國內整體海岸改善目標及原則分別為：
	1.改善原則：
	2.改善目標：



	第四章  氣候變遷情境分析
	4-1  海象情境分析
	一、氣候變遷海象情境分析-數值模擬分析
	1.極值I型 (Gumbel)
	1.極值I型 (Gumbel)
	2.Weibull 分布

	二、氣候變遷海象情境分析-統計降尺度分析
	二、氣候變遷海象情境分析-統計降尺度分析
	1.蒐集歷史(historical)再分析資料其中包括大氣資料與波浪資料，於此使用海平面壓力與示性波高資料。
	2.以ESTELA (a method for Evaluating the Source and Travel time if the wave Energy reaching a Local Area) 方法(Perez et al., 2014) 尋找波浪生成的位置與傳遞過程，透過計算波浪能量在空間上的分布找尋高能量區域並視其為波浪生成位置且經由大圓(great circle)軌跡傳遞，再透過能量傳遞的時間以每日平均一筆之方式定義海平面壓力資料之時間尺度。
	3.以主成份分析法，將海平面壓力資料進行壓縮、降低維度，再由K-Means集群分析法進行分類，在此主成份分析將原始資料經由特徵值、特徵向量與其正交性質定義新的空間方向(維度)，且在這些維度上具有原始資料之最大變異數，其轉換結果與原始值無過大的偏差。於此過程中，需簡化K-Means分類過程得以減少計算時間，其分類的依據是透過資料間的相似性並以變數間距離之總合作為指標，而降低維度減少加總次數避免分類過程過於集中的問題。最後，由分類結果可知，以「海平面壓力分布」做為條件之氣候型態(weather typ...
	4.將空間每一點之波浪資料進行分類，依據每一氣候型態中所對應的時刻歸為同一類，透過歷線圖的方式表現波浪資料在各個氣候型態中的分布狀況，並擬合適當的機率分布連結氣候型態與波浪條件資訊。
	5.在1.至4.說明了參考週期在建立統計模型時所需的資料輸入與統計方法並找到期間數個氣候型態之壓力分布與其對應的波浪條件，最後須對此模型進行驗證。先定義驗證週期其不與參考週期重疊，目的是確認模式在模擬不具參考週期資訊的情況下，是否也能有良好的結果。接著選取該期間之海平面壓力作為模式輸入，在改變期間的同時其對於氣候型態之發生機率也跟著改變，而整個波浪之統計分布也隨之變化由下式表示：
	5.在1.至4.說明了參考週期在建立統計模型時所需的資料輸入與統計方法並找到期間數個氣候型態之壓力分布與其對應的波浪條件，最後須對此模型進行驗證。先定義驗證週期其不與參考週期重疊，目的是確認模式在模擬不具參考週期資訊的情況下，是否也能有良好的結果。接著選取該期間之海平面壓力作為模式輸入，在改變期間的同時其對於氣候型態之發生機率也跟著改變，而整個波浪之統計分布也隨之變化由下式表示：

	三、海平面上升分析
	四、潮汐能量法

	4-2  降雨情境分析
	4-2  降雨情境分析
	4-3  情境案例擬訂
	4-4  情境分析差異探討

	第五章  氣候變遷對海岸溢淹災害之衝擊評估
	5-1  評估流程說明
	5-2  數值模式建構
	一、海洋模式建構
	二、淹水模式建構
	1.模式介紹
	2.流域範圍
	3.地文資料
	3.地文資料
	4.水文資料
	5.水利工程


	5-3  數值模式驗證
	5-3  數值模式驗證
	一、海洋模式
	二、淹水模式
	1.驗證事件
	2.驗證結果


	5-4  海岸溢淹災害衝擊評估
	5-4-1  暴潮溢淹潛勢評估
	一、圖5-4-5為彰化、雲林及嘉義區域地形水深及網格分布圖，海域水深主要為海洋學門資料庫200m數位水深；近岸水深主要為水工試驗所現場調查之水深資料；陸域主要為5m解析度DTM資料建構；海堤方面則參酌本計畫第三章所蒐集的各計畫區海堤資訊，再建檔至陸域DTM上，以提升海堤資料之完整度。目前各計畫區域使用之網格與元素情況如表5-4-1所示。
	二、為評估暴潮溢淹衝擊，需先擇選各計畫區域影響較嚴重之波向，並分別以該波向引致暴潮溢淹結果來做為衝擊評估之情境條件。針對各計畫區域先進行7種波向評估，分別為北北西(NNW)、北西(NW)、西北西(WNW)、西(W)、西南西(WSW)、南西(SW)、南南西(SSW)等7種情境，各計畫區域所有波高分布成果可參閱附錄三，波向差異較小時，其波高分布差異並不顯著，為節省本文篇幅，內文僅擷取波高分布差異較顯著之波向來進行討論，分別為北北西、西及南南西等3個波向(參見圖5-4-6至圖5-4-8)，各波向之波高分...
	1.彰化海岸區域(圖5-4-6)：
	2.雲林海岸區域(圖5-4-7)：
	3.雲林海岸區域(圖5-4-8)：
	3.雲林海岸區域(圖5-4-8)：

	計算各區域7種波向情境後，再配合溢淹情況進行代表波向擇選。於本計畫彰化、雲林及嘉義3個區域中，分別擇選西北西、西及南西做為各自情境代表波向，藉以評估各計畫區最嚴重之暴潮溢淹衝擊現象。
	三、如上述，擇選各計畫區域代表性情境波向後，配合各計畫區域代表性暴潮最大潮位發生之時間點，計算各方案暴潮溢淹情況。圖5-4-9至圖5-4-11分別為彰化、雲林及嘉義於基期與近未來時，暴潮溢淹分布圖，其成果分述如后：
	1.彰化海岸區域(圖5-4-9)：
	2.雲林海岸區域(圖5-4-10)：
	3.嘉義海岸區域(圖5-4-11)：

	四、由三計畫區域基期與近未來之溢淹變異增量圖(參考圖5-4-12)可知，惟其溢淹面積與範圍均較基期情境更為擴大。然，該資料仍須進一步納入淹水模式進行整體評估，透過海洋模式估算河口或排水溝水位變化及越堤水位變化，做為淹水模式下游邊界條件，配合淹水模式考量較可靠之河堤高度分布、排水系統及河道地形進行溢淹模擬，才能獲得更為合理之海岸溢淹衝擊評估結果。
	5-4-2  海岸溢淹災害衝擊評估
	5-4-2  海岸溢淹災害衝擊評估
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	第七章  結論與建議
	7-1  結論
	一、國外海岸韌性防災案例蒐集，目前已針對各國海岸韌性防災方法進行蒐集與概述，並於本年度選定「荷蘭」做為案例分析之對象。針對三角洲計畫成立精神、歷史演進及思維轉換過程均有概述，直至現今已由「與水爭地」的作法，逐漸轉換為「與水共存」思維。此外，亦蒐集三角洲國際聯盟針對「韌性」的評估方法與流程，並針對「荷蘭」之韌性評估成果進行研討。另，針對國內海岸災害背景進行評析，參酌國外案例經驗，研提國內在地化應用之具體建議。
	二、國內於海岸災害評估方面，概以「風險評估」為主軸，惟其指標較無考量海岸韌性中「恢復力」層面之影響。因此，建議可透過荷蘭韌性輪的韌性指標項目進行補強，藉以未來除風險評估外，亦能考量韌性相關評估。然，韌性輪仍較多定性指標，建議可將目前風險評估部分量化指標，納入韌性輪做為指標項目，俾利海岸韌性評估具客觀性。
	三、依據目前彰化、雲林及嘉義模擬成果，建議可於溢淹潛勢區域強化滯洪設施與排水系統，此可參考荷蘭韌性提升對策中，建置水廣場或地下蓄水系統等方式。同時應提升民眾防災知識與對策認知力，讓民眾瞭解災害應變流程與政府防災策略內容，有助於提升防災韌性中「適應力」與「組織力」。
	四、國內歷史海岸災害相關資料蒐集方面，已針對本年度計畫區域之背景資料進行蒐集，以供後續數值模式建置與驗證所用。另，有針對各計畫區域歷史災害事件，由災害原因、背景條件、致災區域及發生原因等層面進行研討，俾利瞭解各歷史事件致災之源由。
	五、參酌國外海岸韌性防災案例蒐集資料，針對國內與海岸韌性評估和對策相關資料進行蒐集，以利第二年度擇選示範區與改善對策建議之參考。
	六、氣候變遷海象情境方面，已透過數值模式分析方式，估算基期與近未來之海象條件(包含設計波高與暴潮偏差)，亦有針對海平面上升的資料進行彙整，以條列本年度計畫區所需條件。另，已建置海象統計降尺度之方法，並進一步完成模式驗證與情境資料輸出。透過海象情境條件比對，擇選「數值模擬分析」情境條件，做為本計畫氣候變遷海象情境條件。天文潮方面，則運用潮汐能量法估算各計畫區域之代表潮型，疊加暴潮偏差值，則能獲得各計畫區之暴潮情境。
	六、氣候變遷海象情境方面，已透過數值模式分析方式，估算基期與近未來之海象條件(包含設計波高與暴潮偏差)，亦有針對海平面上升的資料進行彙整，以條列本年度計畫區所需條件。另，已建置海象統計降尺度之方法，並進一步完成模式驗證與情境資料輸出。透過海象情境條件比對，擇選「數值模擬分析」情境條件，做為本計畫氣候變遷海象情境條件。天文潮方面，則運用潮汐能量法估算各計畫區域之代表潮型，疊加暴潮偏差值，則能獲得各計畫區之暴潮情境。
	七、氣候變遷降雨情境方面，已取得TCCIP提供之五種GCM模式，在RCP8.5氣候變遷情境下，分別在基期以及近未來、5公里解析度的統計降尺度逐日雨量資料，並進一步透過頻率分析，得出在50年重現期下、五個GCM模式日降雨量在基期與近未來的空間分布，經比對擇選BCC-CSM1-1模組做為情境條件來源。
	八、透過計畫區域背景資料蒐集，獲得海堤分布、海域水深、陸域地形及近岸水深地形等資料，並已建置彰化、雲林及嘉義地區數值模擬所需網格與地形資料，且進行數值模式波高分布驗證。配合氣候變遷情境分析成果，已針對雲林海岸進行基期與近未來暴潮溢淹案例模擬，可知局部區域有暴潮溢淹情況發生，惟暴潮溢淹範圍不大，多集中在沿海的魚塭，尤以雲縣林台西鄉與口湖鄉、以及嘉義縣東石鄉與布袋鎮的沿海地區較為明顯。
	九、淹水模式方面，目前已經蒐集彰化、雲林、嘉義縣市的氣象、地文、水文、以及水工構造物資料，完成淹水模式建模，以2018年0823豪雨事件驗證，整體正確率可達76%。降雨與暴潮同時影響下，因河川與排水系統的下游水位受到暴潮的頂托，排水能力大幅下降，上游山區降雨逕流流入河道的水量無法宣洩，使得河道水位高漲，此為導致淹水大幅增加的主要原因。當內水無法排出時，會集中地表最低窪處，此為雲林台西鄉到嘉義布袋鎮的沿海。
	十、氣候變遷衝擊評估中，於暴潮溢淹方面，近未來溢淹的範圍和深度會較基期稍大，其中以彰化縣芳苑鄉的王功漁港、雲林縣口湖鄉港西村和嘉義縣東石鄉塭港一帶增加較為顯著，顯示近未來海平面上升將使暴潮時的潮位增高，導致沿海某些特定地區溢淹稍加嚴重。同時考量洪氾溢淹時，河川與區域排水周遭的淹水情況大幅增加，其中河川以北港溪、朴子溪和八掌溪最為明顯，區域排水則以彰化的田尾排水、洋仔厝排水，雲林縣的尖山大排、牛挑灣大排、蔦松大排以及嘉義縣六腳排水、荷包雨排水、考試潭排水、龍宮排水附近淹水範圍增加較多。
	十一、已依據本計畫模擬成果，分別繪製基期(現況)與近未來情境下，海岸災害風險地圖。並於暴潮溢淹因子中，考量現有海堤情況給予條件，以利繪製較符合現況的海岸風險地圖。
	十一、已依據本計畫模擬成果，分別繪製基期(現況)與近未來情境下，海岸災害風險地圖。並於暴潮溢淹因子中，考量現有海堤情況給予條件，以利繪製較符合現況的海岸風險地圖。

	7-2  建議
	一、本年度國外海岸韌性防災案例蒐集，是以「荷蘭」做為案例分析之對象。建議未來可擇選亞洲地區國家(例如：日本)做為分析對象，由於其地理環境及災害情況與台灣相似，因此海岸韌性防災相關對策應較能符合地區性。
	二、目前降雨情境是採用統計降尺度產出之結果，未來若能取得動力降尺度(日)資料，及時雨量雨型資料，可更強化降雨情境之嚴謹性。
	三、本團隊往昔曾針對AR4之A1B情境進行分析，惟其海象情境較現況佳。若能取得AR5動力降尺度風場資料，將提升氣候變遷海象情境之完整性。
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