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Outline:

1. Introduction
— Indonesia
— Coastal Condition in Indonesia
— Coastal hazard

2. Tsunami

Tectonic Setting, History of Tsunami and level of tsunami hazard in Indonesia
Tsunami Modeling (Inundation model)

Tsunami Risk Assessment (hazard and vulnerability maps

Role of vegetation in reduce tsunami (hydraulics model and mathematical model

3. SLRinduced by Climate Change
e Ocean parameter induced by climate change
e Oceanography Parameter and hazard cumulative scenarios
e Coastal vulnerability index
e Coastal Hazard maps, and several case studies

4. Climate Changes Adaptation on the Coastal Sector
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Are the Topics relevant to CARICOM and SICA?
And then similar to Indonesia..... YES..
Let’s See

* Tsunami
* Storm surge

* Global sea level rise and other Oceanography
parameter (since CARICOM are archipelagos
countries)

Historical of Caribbean Tsunamis

o0 =]

HiIIebrandt-Andrad’e and Dunbar, 2017

Caribbean Training Course in Seismology and
Tsunami Warnings
St. Augustine, Trinidad & Tobago
June 25-30, 2007
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* Local Caribbean
Earthquakes = 71%

PuertoRico, 1918
142 deaths

* Local Caribbean — jcan Republic

p h nts), 1865 deaths
Submarine and Land f; e 3 )

Volcanoes = 18%

* Tele-tsunamis or distant
sources (e.g. 1755
Lisbon, 1883 Krakatau,
2004 Indian Ocean) =
11%

* Submarine Landslides =
0%

Courtesv of Paula Dunbar. 2007
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Historical Tsunami

Historical Tsunamis which have Affected the Caribbean (http:/fwes.ngdc.noaa. gov'segthazard)
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Historical Storm Surges (Huracane) in the Caribian

ajor Hurricane History

- 8

) * GALVESTON 1300
s Of Rapid Intensifying Storms g N ® ATLANTIC-GULF 1915
- o * MIAMI 1926
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® HATRINA 2005
* RITA 2005
» WILMA 2005
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1. Introduction

Indonesia is an archipelago:

Consist of 17,480 islands Wide scale: ‘
- Inhabitant : 6000 islands 5.8 million km? of marine area :

- 0.8 million km? of territorial sea,
- 2.3 million km? of archipelagic sea
- 2.7 million km? of the EEZ

- 7.870 islands have a name,
-9.634 island have not a name.

coastline length : 95,181 km Three Time zone
extends : N-S (6°N-11°9S) =4,400 km
W-E (97°E-114°E) = 7,700km Population: 272.229.372 people,

- Male :137.521.557

- Female: 134.707.815

- 95.9% (0-100km from the coast
- productive age (15-64)=70.72%

Republic of Indonesia consist of :
* 35 provinces,

- 403 districts and 98 cities

* 6,493 sub-districts

* 76,655 villages
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Coastal Vulnerability Index to SLR
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2. Tsunami : Developing Better Information for Tsunami
Hazard Assessment in Indonesia

2. 1. Tsunami Evidence

e 2.2. Tectonic Setting, History of Tsunami

e 2.3. level of tsunami hazard in Indonesia (DTHA,PTHA)
e 2.4, Tsunami Modeling

o Modelling of The 2004 Aceh Tsunami

o Role of vegetation to reduce tsunami

o Maodelling of tsunami inundation in Padang City by considering
spatial variation of MANNING Roughness Coefficients

o Landslide Tsunami Modeling : Krakatau 2018 and Palu 2018
o Hypothetic Tsunami at MotoGP Mandalika Circuit
e 2.5, Risk Assessment and Mitigation

2.1. Evidence of Tsunami Events and the Impact

Tsunami marks on the ground/houses/trees will disappear after
many years
However, there is still some evidence that is existed and contains
scientific information such as:
— Sand sedimentation carried by the tsunami resulted in a tsunami layer
— Rocks moved by tsunami
— Uplift of live coral

8/10/2022
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Tsunami Blocks and tsunami swept the boat

Impact of Tsunami The 2004 Aceh, Indonesia

Gambar 2.16 Contoh puing yang terbawa oleh air dari Tsunami Aceh 2004
Gambar 2.13 Rumah pasangan bata di pantai yang rusak di Devanaanpattinam, (Foto: Antara).

India oleh Tsunami Aceh 2004 |
(FEMA P6&46, 2008).

1
Gambar 2.17 Kerusakan kolom beton yang tidak direkayasa dengan baik akibat hantaman
puing-puing

Gambar 2.15 Contoh bangunan mesjid yang bertahan di Banda Aceh kerena dindingnya akup 18 Kerusakan kolom sudut akibat pembendungan pull
terbuka

8/10/2022
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Impact of Tsunami The 2011 Tohoku Tsunami, Japan

T

W [Err— |

Faulie of remnforced concsete wall

Gambar 2.22 Bangunan kerangka baja dan beton masih namun elemen-elemen non struktural
hancur

Gambar 2.24 Dinding beton bertulang yang rusak serta lantai bangunan yang terangkat
(sumber Foto Otani, 2012)

Gambar 2.20 Kerusakan panel lantal beton pracetak di dermaga pelabuhan
(Foto milik M. Saatcioglu, A. Ghobarah dan 1. Nistor, CAEE, 2005)

Gambar 2.23 Puing-puing rumah kayu serta kendaraan yang terbawa oleh tsunami

(sumber Foto Otari, 2012) Ledakan Pambangkit istrik tenaga nuklir i Fukushima Kebakaran kiang minyak di Tchihara, Chiba
il et el : e o i

g e e e e samenen

(sumber Foto Otani, 2012)

2.2. Tectonic Setting, History of Tsunami and level of |
tsunami hazard in Indonesia (DTHA and PTHA)

Tectonic Setting
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ACTIVE TECTONICS of INDONESIA: Crustal motions from GPS study (Bock et al, 2004)

DHN,2007
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History of Tsunami in Indonesia

Gambar 2,15 Level bahaya tsunami di sepanjang garis pantai berdasarkan basis data
tsunami Indonesia [Latief dan Haris, 2009)

volcana: 8
84
1 Lansice; 1

1600-2010,
128 tsunami

The recent large tsunamis in this area are:

* the 1992 Flores Tsunami (Indonesia) : 1,950 people,

* the 1994 East Java Tsunami (Indonesia) : 238 people,

Gambar 2.14 Tinggi tsunami di sepanjang garis pantai berdasarkan data historis * the 1994 Mindoro Tsunami (Philippine) : 78 people,
(Latief dan Hadi, 2007)  the 1996 Irian Jaya Tsunami (Indonesia) : 110 people.

* the 1998 PNG Tsunami (PNG) : 3000 people

* the 2004 Indian Ocean Tsunami : 283.000 people

* the 2006 West Java Tsunami (Indonesia) : 600 people

*The 2010 Mentawai Tsunami (indonesia): 400 people

Deterministic Tsunami Hazard Assessment (DTHA)

Hypothetic tsunami sources distribution for whole Indonesian region (gray dot
with interval 20 arc minutes and blue dot with interval 40 arc minutes) for pre-
calculated tsunami data base in order to perform Indonesian TEWS

Total simulations = 220.000 sets

Latief dan Haris, 2009

8/10/2022
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Map of level Tsunami Hazard along the coast in Indonesia from DTHA
Results Y
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PTHA (Probabilistic Tsunami Hazard Assessment)

Segmentasi Megathrust Peta Gempa Nasional 2017
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Location of far field faults that were used in the PTHA.
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Location of local (near field) faults that were used in the PTHA.

A National Tsunami Hazard
Assessment for Indonesia

Nick Horspool™, Ignatius Ryan Pranantyo’, Jonathan Griffin®,
Hamzah Latief?, Danny Natawidjaja“, Widjo Kongko®, Athanasius Cipta®,
Bustamam’, Suci Dewi Anugrah® and Hong Kie Thio®

PTHA with 500 year return periods

11
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Tsunami Hazard Map showing maximum Tsunami Amplitude
at the coast 500 year return period
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Cities and regions in Indonesia that Faced Tsunami Hazar(} &
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Level of tsunami hazard along the Indonesian shoreline base on Location of capital city of coastal districts in Indonesia (Latief
Deterministic Tsunami Hazard Analysis (Latief and Haris, 2009) and Haris, 2009)
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2 4. Tsunami Modeling:
Modelling of The 2004 Aceh Tsunami

* Role of vegetation to reduce tsunami

* Modelling of tsunami inundation in Padang City by
considering DEM

* Modeling of Tsunami Krakatau 2018 (Volc and LS)

4. The 2004 Indian Ocean Tsunami Model

Latitude (V)

.1 200419.2)

E
2
il
I
8
*

fr 26/12/2004 epicentre
%0 92 94 9

1 5 101520 25 30

100
Longituce (€}

Slip (m)

27 T T T T T T T
Figure 1| Tectonic setting and ruptures of major interplate earthquakes @ o1 @ 63 g/ e e o 8 @
along the Sunda megathrust. Th yuuw patches are estimated rupture

Fault slip distribution, sieh et, al, 2006

8/10/2022
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The 2004 Tsunami source Scenario name aceh? -
Subfault parameters from dany's GPS analysis
Subfault  Length Witdth  Longitude Latitude
(km) (km)
F1 150 150 95.89 2.14
F2 300 150 94.17 3.07
F3 200 150 92.83 5.8
F4 150 150 91.92 8.25
[E5] 150 107 91.92 9.97
[}g F6 200 150 91.58 11.54
F7 240 70 92.79 13.26
0.9
V=0.9km/S
T=L/V
Depth Strike Dip Rake Slip SEG_TIME
(km)  (deg)  (deg)  (deg) m (s)
10 305 12 80 12 0
10 330 13 105 29 167
10 345 14 105 27 500
10 345 15 105 26 722
10 5] 16 125 17 889
10 10 17 130 12 1056
10 20 17.5 135 8 1278
Slip distributi , Subarya, et al, 2006
ip distributions map, Subarya, ct a Latief.2006
Slip Distribution and sub-faults design for tsunami sources
Tsunami animation including rupture
propagation for tsunami source
Waktu Simulasi -
: tMent Y atjef,et.al 2006 Tsunami inundation model
at Banda Aceh and Loknga
14
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Field survey points measured of The

2004 Tsunami in Banda Aceh city by

ITST (International Tsunami Survey
Team-2005)

Tsunami heights {m)

13 5 7 9 113151719 21 23 25 27 29 3
Sample points

15
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Role of Vegetation to reduce tsunami

After tsunami

No vegetation
lauses completely

Colirtesy of Danny Hilman Natawiaya

Plate 1.5 Ikonos imagery before and after the 2006 West Java Damaged houses struck by a 3—4-m-high tsunami; some of the houses

tsunami shows how vegetation reduced tsunami impact at Pangandaran Beach behind the coastal forest were saved (Sirambu, West Nias)
{source: CRPS www_crips.nus.edu.sg)

P
Flate 1.4 Coastal forest (appr 50 m wide)
a 6-m-high tsunami tc 1.6 m in Cikalong, West Java Plate 1.7a—d.Tsunami and earthquake impact on coastal vegetation

Effectiveness of Vegetation to Reduce Tsunamis

There are opinions about the effectiveness and
ineffectiveness of forest =» Shuto (1987):

*  Effective because:

— It stops driftwood and other floatages

— It reduced water flow velocity and inundation
water depth

— It provides a live-saving means by catching
persons carried out off by tsunami

— It collect wind blown sands and rises dunes, which
act as a natural barrier against tsunamis

* Avrepresent negative opinion is that:

— A forest may be ineffective against a huge
tsunami, and at worst, tress themselves

could become destructive forces to house, if

cut down by tsunami

D= 10 cm =» H=4.65m Tsunami with H = 8 meter
D=34.3 cm =» H=7m The vegetation do not
D =100 cm =» 10 m effective to reduce tsunami

H=3m = L=20m ;
H=6m= L 100 m For detail =» have to do

hydraulics experiment

8/10/2022
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Hydraulics experiment

Latief (2000) : proposed formulas of Manning
coefficient (n) and Impact force (Cm) as function
of volumetric occupancy of flows trough

vegetation
0.016+0.17V,, If V> 007
n= 0.03 If V,.< 007
0.67+6.65V,, If Vo> 0.06
c,V., = | IF V< 006
Wave Wave Mangrove Model 100 m channel
Generator pirection
Water Level
Jater Leve|
. H / 2 — IW
= 4’_’/—/’7 -
“g ¢ 777X slope- 1/100
8
| 7. 2.5 40.0m77 | 20.0m 20.0m |

v
¥

N )

Set-up of hydraulics experiment in the open channel and location of models

Application of Greenbelt into the Numerical Model

Governing equation (include impact force)

Domain Model Simulation

a M N _
a & &
M, 3 M?\ &(MN
1+C,V, — |+—|—|+gD MAM?+N* =0
Oy (Djd)(ngékDm
1+C,, V) M 2 i +gD—+ 7 NVM2+N2:O
D @ D D
Where:
I V., V. i.s volume occupied
e¢ ¥, is the model volume
w .
V,, is the water volume
Impact
Manning Force(Cm
Class Landuse Coefficient (n) )
0 sea 0.025 1
1 Forest 0.15 23
) 2 Mangrove 0.06 23
Manning 3 rice field 0.025 1
and impact 4 shrimp pond 0.025 1
force coeff. 5 road 0.016 1
6 field 0.035 1
7 building 0.15 3 e

8/10/2022
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Simulation Scenarios with Intervention by Coastal Forest, Rivergate, and Embankment

S-1 initial condition without
intervention

[

L

i B4
Ll H
S-2 Coastal forest (500m) 2
Y™ Scenario 2
longitude )
5-3 coastal forest (500m) with | |
river-gate n N

.05

S- 4 coastal forest (500m) s
with river-gate and
embankment (5 m)

wm

and embankme

183 o e i W

longinude

) IO2 et dkk (2006)

TAMUN IT8

Scanario 7 : Banda Acch Landusz with Forost About 500 m in Width

kilometers
Kilometers

o
]
kilometars {metea)

Scenarind : Danda Acah Landuse with Farast Abait 500 m in Widih, ivergate, and embankment
14 3 E

|

@

Kalometers

Kilamatars

i 12 " 16

a 0 Imstar ki'\?on elers .
Kilometers : .
Latief,2006

imeer)
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Modelling of tsunami inundation in Padang City by considering spatial variation of
MANNING Roughness Coefficients

Tsunami source at Padang City

-3 51

L =
ISl
Lo BT
Ty A 3{}
¥ 4
[ ¥ &
g :
i
Gl S

@
MNatawidjaja. 2007

Historic slip patches.
[ Recent slip patches

m Historic slip patches
on Sumatran fault

Regions of fault that may
have been locked prior to 2004

= Landward locking extent estimates

McCaffrey, 2009.

Evaluate DEM (DTM and DSM)

data

Method Horizontal resolution  Vertical accuracy Advantages Disadvantages
LIDAR Laser pulse 05-2m 0.15m Most accurate DEM Expensive, can only fiy in dry season
DTM and DSM Large data volumes provide challenges for
storage and processing
High Stereocamera  0.3m 05m High resclution and accuracy Siill expensive
resolution Cheaper than LIDAR New technigue without commerical
stereoscopic DTM and DSM providers in study regions
camera
Airborne IFSAR 5m 1-3m Reasonable vertical accuracy Less accurate in steep and densely
IFSAR Lower cost than LDAR vegetated areas
DTM and DSM
SRTM 80m IFSAR 90m 5.6-9.0m (absolute)  Almost worldwide coverage DSM only
4,7-9.8m (relative) Free Low vertical accuracy
Aster Stereccamera  30m 6-15m (absolute) Covers 99% globe DSM only
Free Cloud cover problems

See text for references.

Accuracy less affected by steep
topography than other methods

Low vertical accuracy
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Inundation Maps with different DEM

10020 10021

Griffin dkk., 2015

Flow Depth (m)

Conclusion and recommendation

7
L X4

Airborne IFSAR is sufficiently accurate to model the extent of tsunami
inundation compare to higher resolution of LiDAR datasets.

The IFSAR dataset compares with historical run-up observations (in
Maumere Case). This does not mean all inundation parameters are
reproduced accurately and we do not recommend to use of this data
for detailed engineering purposes.

SRTM data do not represent the morphology of the coastline
accurately and therefore should not be used to model tsunami
inundation at all — results can be misleading and potentially more
damaging than no information at all!

Tsunami inundation models are less sensitive to mesh resolution and
resolutions of 25 m are likely to be sufficient for calculating inundation
extent, depending on the exact morphology of the coastline.

Differences between DTMs and DSMs are large and further research is
needed to identify which should be used, and how and at what scale
roughness should be parameterised.

8/10/2022

20



Online Training Course on
Disaster Risk Reduction and Climate Change Adaptation
for CARICOM and SICA Member Countries

Landslide Tsunami Modelling

e Case study:
— Tsunami Krakatau 2018
— Tsunami Palu 2018

CrtgAds ds\*
flohds a
o u.sc,,pr( dt]

Persamaan 3
dis ) CrupAds ds\*
(mp + Cmmw)ﬁ = (m, —m,,)g(sinf — C,cost) - P —05Cypud o

Panjang karakteristik gelombang m, :massa aif laut yg tertambahkan (k)  : koefisien gesek air

C, :koefisien penambahan massa €, :koefisien lubrikasi

bd
Ao =tyofgd =387 —
0= toyd sind [, :koefisien gesekan dasar po :densitas air laut (kg/m?)
Jarak yang ditempuh lonasoran 4 = Tw: area tegak lurus arah longsor T :tebal longsoran (m)
t  viskositas dinamik air laut (kg/m s  lebar longsoran (m)
s(t) = 5,In [cosh (!—)] Fo Fomep
o

Amplitudo karakteristik gelombang
Mg = 0.0654T(1 — 0.7548sin8 + 0.1704sin 29)("%:9)1'25

Translational slide
(Shitde)** Ltationa
(Slump)* i - ]
(https:/www.thoughtco.com’ geology-41 33564) Na - amplitudo karakteristik gelombang s, - jarak karakleristik gerakan
|(m) L

b :Panjang

Tsunami Krakatau 2018

Pertumbuhan Gunung Krakatau 416

1883 — .
(Tsunami)

Desember 2018
(Tsunami)

h 2000 (https://meafterdeath.tumblr.c
(Sutawidjaja, 2006) om/post/181689621163, 2019)

8/10/2022
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Domain Simulation Developing Scenarios
Vit | P |L1n-: T | suhi ) | purui o (DSR2l | Tkl ;

0,28 2800 2000 | 50 15,25 132 ]0‘:“ ﬁ.;ﬂ:

Iz 0,28 2800 2000 | S0 15,28 410 105416 | -6,102
% bo2r [z7o0  |2000 S0 | 1528 a0 105,416 | 6,102

& 03 [ T00 000 [0 | 1525|410 105416 | -6,102

03 3000|2000 |s0 | 1333 A 05,416 | -6,102

0206 | 2250 1500 |75 |1525  |410 105416 | -6,102

5|

171 1102,2 853 75 15,25 410
027 |Z00 |00 |80 | &2 ()
027 | 250 1500 [75 |82 310
03 3000 1
0.3 3000

2000 105,416
27 [1500 |75 [1528 a0 105416
DOMAIN A 12027 2700 2000 | S50 16,01 410 105,415

DOMAIN G-4 (PANIMBANG)

Lintang (derajat)

DOMAIN G-3 (SUMUR) DOMAIN D2 (TAMAING LESUNG)

105 1055
Bujur (derajat)

Peta Kondisi Domain longsor Legend
Peta merupakon cira kornplekes Gernng Ansk Krakatau pada 15 Jul 2018 jakriongsar 1

Landslide Scenario e

s jakrlangsar 3

2» {ahrlongsar4
itk |

£

L

Before Tsunami 22
December 2018

Peta Kondisi Domain longsor Legend

Peta menupakan ¢ barplels Gurng Anak Krakatau pada 11 tanuan 2010 [ After Tsunami 22 5 jaurbegser |

e jaurorgser 2
e jaurbongser 3
December 2018 { e

8/10/2022
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102

AHUN ITB

Landslide Angle Scenario

from Pﬁ: 105.4153030000, -6.1027920000  To Pos: 105.4100440000, -6.1272630000

Location: 1054143639274, -6.1071618290
Blev-177582 mDist 4943 m- — - — = —-—-—-—-—- -

Lintang (derajat)

SUB-PATH INFO ==> Dist: 494 3 m_3D Dist: 51421 m_Elev Diff: -141.701 m_§
F

Qo= 16 00° %
T T T —
0.5 km 1.0km 1.5km

T
2.0km 2.77 km

67%

105,36 1054 105 42 10544
Bujur (derajat) om Pos: 1054157620000, -6.1016400000  To Pos: 105.3910570000, -6.1247990000
From poéos,usmooon, -6.1016400000  To Pos: 105.4056450000, -6.1275130000 NIm &L—-—-—-—-— - ------ oo i— oo oo

105,46

¢ — ‘Locator H05=41 HT3FI66, <G H0F492245H - — - — - — - — - _ S0 m B A - m s s e
Elev: -199.564 m, Dist: 694.98 m

SUB-PATH INFO ==> Dist: 877.19 m. 3D Dist: 909.2 m. Elev DifF. -233.135 m. Slopaegl5.25° [DAD6%
05km 1.0km 15km 20km 25km 30km

SUB-PATH INFO => Dist: 682 79 m, 3D Dist: 7077 m, Elev Diff -186. 12 m, Sfff
T T T
0.5 Jam 1.0 km 1.5 km 2.0km

]
1

:
25kn 307km 3.75 km

The 2018 Krakatau Landslide Tsunami Model

Tinggi Tsunami Domain A Ske

.\'—r

nario 10

6.5 -

Lintang (derajat)
Tinggi Tsunami (m)

104.5 105 105.5 106
Bujur (derajat)
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Distribution of Tsunami Height

-5.40 [

-5.60 TR e wim  mm  wae s
g : = Bujus [dorajat)

-5.80

Tinggi Tsunami Domain D-2 Skenario 10

-6.00

o

&

-6.20

intang (dersjat)

s
H

-6.40

Lintang (derajat)
Tinggi Tsunami (m)

10562 10564 10886 10568
Bujur [derajat)

-6.60
-6.80 -

Tinggi Tsunami Damain C-2 Skenaria 10

-7.00 1

104.50 105.00 105.50 106.00

Bujur (derajat)

T
H
H
:

A80} ur

&
i

19520 10525 10530 10535 105.40 10545 19550
Bujur iderajat)

Peta Kajian Bahaya Tinggi Tsunami Perbandingan Inundasi Hasil Model dan Data Lapangan

105,805 105,510 105 815 105,820 105,325 105,830 105,835 105,540 105,845

I e

108 535 105,810 105,815 105820 105525 105830 105 §35 105640 105845

[re— Fp— 105,575 105,560 105565 105,500 M0S.505 105,600 105605 105,610 105605

6420~

o wnans:

ey [5as e

105,575 105,580 105565 105500 10S.595 105,600 105,605 L05.610 105 615
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Risk Assessment

(Vulnerability) l
(Hazard) v
Resiko (Risk)l} = H X
R (Capacity)
C

WHAT CAN WE DO TO REDUCE RISK IS:
* REDUCE HAZARD
* REDUCE VULNERABILITY
* INCREASE CAPACITY

Mitigation of Tsunami Hazard

1. Structural Measures :
a. Coastal protection (sea wall) = grey protection
b. Vegetation = green protection
c. TES (temporary Evacuation Shelter)

2. Non-structural Measures
a. Hazards assessment (tsunami inundation map and ETA)
b. Developing pre-calculated database tsunami, DSS for TEWS
c. Real time monitoring and TEWS
d. Land use planning
e. building code
f. Public education (Tsunami drill, awareness, public response)
g. others

25
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Several effort:

- Maintain of historical tsunami

- Socialization how to develop tsunami map
- Evacuation road

- Tsunami sign and tsunami board

- Tsunami drill

- Dissemination of tsunami information

Nonstructural Measures

* Tsunami risk maps (Hazard and Vulnerablhty)

e Tsunami database
 TEWS

Gambar 2.12 Oservien TIMING Systenr (Imamu
,1992) tal., 2001)

Latief, 2008
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Preservation of tsunami history
Socialization of how to make a tsunami map
Making a tsunami hazard map
Determination of evacuation route
Installation of evacuation signs
Tsunami drill

Tsunami socialization to schools

3. SLR induced by Climate Change

Facts of Coastal Inundation, Coastal
Erosion and Land subsidence

8/10/2022
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- Ocean parameter induced by climate change

I = : e I = Cause

Storm +r
Rsintall, surface run-off
Storm
Wind, Presiare -

. il Sea Surface
Sediment e
= Seaion, INSO, IPO Carthguake, landhlide,

Supply wnderea volcano
> ; eruption
ll; Waves
\!
N
— 'n\ Flow
X
L \ Tidal Storm
Hazard Generatur\‘\ /4. Sea Surface
e \\ Chanse Tsunami
S . —

Hazard in Coastal Area

Inundation in Coastal Area Erosion in Coastal Area

Oceanographic Condition in Indonesia
Parameter of relative SLR

Periodic Factors Non-Periodic Factor

1. Sea Level Rise = ocean tide, 1. Sea Level Rise due to

2. Sea Level Rise = storm surge, climate change (glObal
3. Sea Level Rise =» Madden-Julian wa rming)
Oscillation (MIO), 2 Flood
4. Sea Level Rise = El Nifio—Southern
Oscillation (ENSO), and 3. Tsunami
5. Sea Level Rise = Indian Ocean 4. Land subsidence

Dipole (10D).
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Ocean Tide

Jan Peb Mar Apr' May Jun Jul Aug Sep Oct Nov Dec

Month

Monthly waves Monthly MSL

- ENSO Projection

Sea Level (mm)

Time (Year)

ENSO time table based on MRI model
output for SRESA1B scenario

Ocean curren

SLR during La Nina ~ ‘®°hvan 2019)

2040 | 0,26
241

Oceanic Nino Index (ONI)

-1 1§

2001 2006 2011 2016 2021 2026 2031 2036 2041
~——ONI Forecast ——ONI MRI SRESA1B

Gambar 39 Grafik Oceanic Nino Index (ON1) MR SRES A18 dan Hasil Forecasting
Sumber: Hasil Anaiisis, 2022

8/10/2022
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_ Tropical cyclone at the north of west Pacific Ocean (data
Storm Surges period of 1984-2012).

tropical cyclone at the west Pacific Ocean
(the period of data is 1945 to 2009)

(source Latief, 2011)

JUMLAH DAN RATA-RATA KEJADIAN SIKLON TROPIS JUMLAH DAN RATA-RATA KEJADIAN SIKLON TROPIS
WILAYAH PERAIRAN SEBELAH UTARA DEKAT WILAYAH PERAIRAN SEBELAH SELATAN DEKAT
INDONESIA [0-80°N 90-145°E) TAHUN 1984-2012 INDONESIA (0-40°5 30-145°E) TAHUN 1984-2012

n

m

[EOT—

™ . l\ -
u noE oo ow w oo ouon

Model of Hagibis Storm Surges, 14-7-2014

Wave Heights and wind speed during Hagibis Ocean Surface Elevation during Hagibis
[ — - 9.04 days P— T ‘i 11.58 days
= n o
o 2
- :
< !
- o
-1
-2
-3
Significant Wave Height Ocean Surface Elevation

(Sofyan, Latief, Dika, 2014)
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Sea Level Rise between 1993-2003 to 2003-004

L v Y LR

Kilometers | - (MY
2 1

0 250 500 1000 M [ o8 o 1 0 25050 1000 -

Assimilated HYCOM-altimetry estimated sea level ~ Assimilated HYCOM with altimetry estimated sea
rise rate from 1993 to 2003 level rise rate from 2004 to 2013

Sea level changes between mean sea
level from 2004 to 2013 relative to the
one from 1993 to 2003, with the
maximum change of 15cm

40

——— simple Ocean Data Assimilation (SODA)

~—— Regional Ocean Modeling Systems (ROMS)-SODA
== Altimeter

——— Trend Altimeter 7 mm/yr

~———— Trend SODA 0.8 mm/yr

== Trend ROMS-SODA 1.6 mm/yr

Mean Sea Level (mm)

Sea Level (cm)

1880 1900 1920 1940 1960 1980 2000 Lengkawi ¥
Year -— m e I"',....‘f:"ﬁ..':."(&",.;“"w"?
Long-term sea level change from 1860 to 2010 based on
the SODA, ROMS and altimetry-estimated sea levels el

160

120

Mean Sea Level (cm)

g
a0
= sibolga
] Singapura
° Jakarta
= 40 Manila
=
w
-0 - S
0 o 10
Year
Singapore Trend at Singapore
— - Trend at Surabaya (0.98cmvyr)
-a0 . . ' . ' ——— Manila Trend at Manila (1.61cmvyr)
2000 2020 2040 2060 2080 2100 ~—~ Semarang Trend at Semarang (4.18cmyr)
——— Jakarta e Trond ot Jakarta (2.

Year

Approximation of sea level rise using a number of tidal data
acquired from (UHSLC) (Source : ICCSR, 2010)

Sample of tide gauge estimated isostatic sea
level change from 1993 to December 2014
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200
Dynamic Sea Level Rise
160
120
04
w4
0 T T T T r T * T T
2000 2020 2040 2060 2080 2100
YEAR
Projection of eustatic sea level rise based on
the tide gauges data
200

[0 Dynamic Sea Level Rise
160 B Linear Sea Level Rise

40

]
2000 2020 2040
Y

2060 2080 2100
ear

Projection of sea level rise based on CMIP5-RCP4.5
scenario

land subsidence

Figure 3-9 Subsidence in Jakarta
(hitp.#meandmycoastalife. blogspot jo/2010/1 2icoastal-
probiem.htmi)

160
[] Dynamic Sea Level Rise
N Linear Sea Level Rise
120

Sea Level (cm)
g

Projection of eustatic sea level rise based on the
assimilated altimetry and HYCOM model

oo | |
_ Level of
Year

Tide cMIPS-RCP  [Retlis
pl0]) 73+43cm 72435cm  85847cm om High

Confident

Gauge Altimeter a5

29£10cm 25+10cm 28+14cm cm High

431£20cm 42+18cm  48+24cm om High

palli) 98+62cm 97+50cm  107+60cm  cm Moderate
to high

Subsidence Raies | ) . ’ _||
61 cmivoar
1 - 2 evyear - k =|
2 = 3 emiyear |
3= & crvyear
4 = & cmiyear
B = B omiyoar 1
Bl 8- Temiyaar
BN T-Bemivesr |

L

Figure 3-10 PS InSAR derived subsidence rates
in Semarang
(Abidin et.al, 2010)
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Cumulative Hazards o

® slR g

NS v |

* MSL

Elements of hazard induced by sea level change

[YP———

Tides

e SLR ; —

Hh'-',‘/%;_“\ ,,‘[N

¢ ENSO
« SS/Waves .I”Ihi
e |LS-Flood

10

Cumulative Hazards Scenarios

Hazard Code Number and Abbreviation

TAHUN IT8

Stenerio Hezards Code Number | Hazards Cod Abb. Colors
Scenaio-10 | O#13 MSLMHWLSLR
reference Mean Sea Level B
MSL Manthly Mean Sea Level Stengrio-d) | 0+1e3+443 MELMHWL+5LR:85
MHWL Mean High Water Level Stenerio-3b +1e3e44 MSLAMHWLSLRLN
HHWL Highest High Water Level 5
- Scenaio-dd | D#tdedd] MSLAMAWL+SLR:FL
SLR Sea Level Rise
S5 Storm Surges Stenerio-5b D+t e3edBi MBLMHWLASLR1SS LN
N La Nina -
= Hood Stenario-fh | 0+1ededeidie] MBLAMHWLASLRaLNSFL
. L. Hazard |Hazards Component Yearof 2020
Sea level rise variation and cose o, Jcm) TrIwlefwm][ [ TalsTo[wnTow
0 |msL 0 0 0 o o 0 0 [3 0 0 0| 0
their cumulative in North 1 |MSLmonthly variant 23] 22| 23] 33| 48] 13| 33| 57 0| 23] 23 34
2 |nide-mAwL 1952] 1952] 19.52] 1952| 1952 19.52] 1952 1952 19.52] 1952 19.52] 19.57]
Java 3 |Tide-HAWL 2027 40.27| 40.27| 4027| 4027| 40.27| 4027| 4027| 4027 4027 40.27] 20.27]
PR 14 14| 1a] 14 1] 14 14 14] 14 14 14| 14
5 |Storm Surges (55) 21 aj 21 4 21
6 |2 Nina(Ln)
Peta Hazard Rendaman di Pantura Pulau Jawa 7 lm ﬁ|
2020 8=0+1+2+|Inundation Depth-
- Scenario 16 2020 2454647 |MHWL 7122 6882| 68.52| 72.22| 76.72| 136.92]
T 9= 0+1+3+ | Inundation Depth- -
4454647 |HHWL 8957| 89.27] s297| 97.47| 157.67]
| Scenerio 2b 2020
v Hazard |Hazards Companent Year of 2030
Code No. |(em) G M| A M J ] A s o N D
o MSL 0| 0| 0 0] 0 0| 0 0 0 0] 0] 0]
Scenario 4b 2020 1 MSL monthly variant 2.3 22| 23] 33 48] 13 -33 -5.7) -6.0| 23 22| 34|
2 |Tide- MHWL 1952 1953| 1652] 1952] 19.52] 1952 1952 1952 1952 1952 1952] 1952
3 [Tide- HAWL 2027| 4027| 4027|4027 40.27| 4027 4027 4027 4027| 4027| 4027| 4027
4 |SLR 21 21 21 21| 21 21 21 21 21 21 21 21
5 Storm Surges (SS) 41 41 41 41] 41]
6 |L= NinalLN)
7 |Flood 100[ 100 100|
8 = 0+1+2+ |Inundation Depth -
4+5+6+7 |[MHWL 142 82| 142 72 7822| 7582 7552) 79.22| 8372 14333
9 = 0+1+3+ |Inundation Depth -
4+5+6+7 |HHWL 162.57| 163.47) os.07| 0657 96.27| 9097 104.47| 16467
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TENGGE! AR

KUPAS TUNTAS STATEMENT PRESIDEN AMERIKA. BENARKAH JAKARTA AKAN TENGGELAM?

| Break water to protect the port

The dike heightbecomes 2 m in 2013 The dike of Adem River The dike of AsinRiver

Scenario Hazards Code Number | Hazards Code Abb.

Scenario-1b 0+1+3+4 MSL+MHWL+SLR

Scenario-2b 0+143+4+5 MSL+MHWL+SLR+5S

Scenario-3b 0+143+4+6 MSL+MHWL+SLR+LN

Scenario-4b 0+143+4+7 MSL+MHWL+SLR+FL

Scenario-5b 0#143+4+5+6 MSL+MHWL+SLR+58+LN
Scenario-6b 0+143+4+5+6+7 MSL+MHWL+SLR+LN+FL

Skenario 1 SLR+MHWL/HHWL+variasi MSL+LS

L" idegajahn
b salamganesha

[ Imvprehye

aLa
125,000

ARITAS LNE DAN TN VLML :
Ias nsn savins
ANIBAT KENAILAN MUKA LAGT E [

DI JARARTA UTARA H

TAKUN 20362040
TAHUN 2020-2025

‘ 2015-2019 2020-2024 2025-2029
Scenario Colors
freg | WL (cm) | freg | WL (cm) | freg | WL (cm)
Scenario-1b 16 55.67 14 59.17 16 62.67
I

Scenario-2b 18 9397 | 19 9747 | 16 | 10097 ST—
Scenario-3b 4 76.37 6 8057 4 16077
Scenario-4b 14 15417 10 157 .67 9 161.17
Scenario-5b 7 10917 6 118.87 9 121.67
Scenario-Gb 176.97 5 179.07 6 181.87

= | skenario 15 SLReMHWU/HHWLsvariasi MsL+LSGE-MIO-TRD

8/10/2022
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Housing Condition in Semarang

VULNERABILITY ASSESSMENT Legend N
IN INDONESIA’S COASTAL AREAS A
Case Studies: City of Semarang 1990 ] 15 3 6
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INDEKS KESTABILAN PESISIR

5.70 km (10.26 %)

20.55 km (37.00%)

VULNERABILITY ASSESSMENT
IN INDONESIA’S COASTALAREAS
Case Studies: City of Semarang
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Scenario

Kode Angka Bahaya Singkatan Kode Bahaya Warna

Skenario-la = 0+1+2+4 MSL+MHWL+SLR+LS

Skenario-2a  0+1+2+4+5 MSL+MHWL+SLR+55+LS

Skenario-3a  0+1+2+4+6 MSL+MHWLASLR+LN+LS

Skenario-4a  0+1+2+4+7 MSL+MHWL+SLR+FL+LS

Skenario-5a  0+1+2+4+5+6 MSLAMHWLASLR+SS+LN+LS -
Skenario-6a  0+1+2+4+5+6+7 MSL+MHWLASLR+LN+FL+LS -

Keterangan: Skenario Kode Angka Singkatan Kode Bahaya Warna

Bahaya

MSL : Mean Sea Level

SLR : Sea Level Rise Skenario-1b 0+1+3+4 MSL+HHWL+SLR+LS
MHWL : Mean High Skenario-2b  0+143+445 MSL+HHWL+SLR+SS+LS
Water Level
HHWL : Highest High Skenario-3b  0+1+3+4+45 MSL+HHWL+SLR+LN+LS
Water Level Skenario-4b  0+1+3+4+7 MSL+HHWL+SLR+FL+LS
SS : Storm Surge
FL : Flood Skenario-5b  0+1+3+4+5+6 MSL+HHWL+SLR+SS+LN+LS
LN : EI Nino / La Nina N

Skenario-6b  0+1+3+445+6+7 MSL+HHWL+SLR+LN+FL+LS

Kombinasi Skenario Muka Air Tinggi Tertinggi (HHWL) Dengan Komponen Bahaya Lain

*  Skenario 1b 2020 dan 2040 contributed by MSL Variation, HHWL, and Sea
Level Rise.

@102

TAHUN 1TB

FETh RENOAWA N PESI5IR SKERARID 10 T 1N 1040

FULMERABILITY A 558 SSMENT 2. H YULMERS BILITY A SSE SSMENT
mpoutin s couintaetas | Tinggi Rendaman (m) winioonesws LossnLantas | Tinggl Rendaman (m) )
e Sticis Ciy of Semarans. : : o i o S ray .
F———————— Elloo.on 101 - 200 [ > 100 B0 [ roreaco [l >0 |
wdr e e | [ o100 [ 201 -00 Sty e | o5 - 100 [ 201 -0

= Skenario 2b 2020 dan 2040 memasukkan kontribusi variasi MSL, HHWL, dan Storm Surge dan SLR.

PETA RENDAMAN PE SISR SKENARIO 28 TAKUN 2840

PETH RENDA MAN PESISIR SKENARID 28 T HUN 2020

VULNERABILITY A SSESSHENT

Tinggi (m) L w moosEsis cos s ameas | Tinggi Rendaman (m)

Cave Stusios: Gity of Sam aramg [T : Case Studies: Ciy of Semarang

fF———————— o050 101 - 200 [l > 300 - I coo-050 101-z00 [ > 200
Nty e rw | [ oo - 100 [ 201 - 000 e Lty gaersow | [ 051 - 1.00 [ 201-3.00

ULNERABILITY A 558 53 MEN v
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* Scenarios 6b 2020 and 2040 contribution by MSL, HHWL,

Sea Level Rise, La Nina dan tidal flood.

Year 0of 2040
Hazard Code No. [Hazards Component (cm) T F v N Vi 7 5 N 3 5 s )
0 MSL 0 0 0 0 0 0 0 0 0 0 0 0
1 MSL monthly variant 2.10] 2.00] 2.50] 3.90| 6.30] 2.10f -3.70| -6.70( -7.10[ -3.50 1.30: 2.90]
2 Tide - MHWL 36.00] 36.00] 36.00| 36.00] 36.00] 36.00] 36.00] 36.00| 36.00| 36.00] 36.00] 36.00
3 Tide - HHWL 48.81| 48.81| 48.81| 48.81| 48.81| 48.81| 48.81| 48.81| 48.81| 48.81| 48.81| 48.81
4 SLR 323 32.3 32.3] 323 32.3] 323 32.3 323 323 323 323 32.3
5 Storm Surges (SS) 41 41 41 41 41
6 La Nina (LN) 20 20 20 20 20 20 20 20
7 Flood
8 =0+1+2+ |Inundation Depth -
4+5+6+7 MHWL
9 =0+1+3+ |Inundation Depth -
4+5+6+7 HHWL

FET, RENDABAN FESISIR SKENARIO B T HUN 7030 I, RIENDAMAN PLSISIR SKENARID 60 TAHUN 5043

VULNERA BILITY A SSESSMENT "
mmzonEsws cossTaLaREss | Tinggi Rendaman (m)
Cane Studion: oty of Somarang
F—————————— .05 101200 [ - 300
Chawcy  gaersww | [ o5 -1.00 [ 201300

Jsse sy, | 4 o Rendaman m)
=k

P
Cane Studin City of Samara
I 0.0 050 101 -2.00 [ = 300

vty wrerses | [ o5t -1.00 [ 201300

4. Climate Changes Adaptation
at Tarakan Island (North Kalimantan)
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Vulnerability

r Ay
2

Level of Yulnerability
I very Low

Lo

Moderate

High
M very High
Vulnerability 2010 Vulnerability 2030
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. Risk Scenario-3

Selumit Pan

Risk 2010 ) Risk 2030

[ Scenario-3 (Extreme+LaNina+ Surge) [1b+2b+4+5+(3)] 255I1m | 269.8m |

. Adaptation

Adaptation forces can be used to against
sea level rise that potentially inundates the
coastal system and low-lying areas. These
adaptation measures are classified (IPCC-
AR4) as:

to protect coastal areas,

to accommodate hazard, and

to retreat the coastal line

80
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Technology Needs in Coastal Areas

Technologies are used to protect the coastal areas :

1. Hard Structures, =» coastal structures: sea wall, dike, breakwater, offshore
break water, estuary closer, etc.

2. Soft Structures, which is protecting and increasing the ability of natural
protector such as maintaining coral reef, dune, mangroves and coastal forests

3. Hybrid, = combination of hard and soft protections

Photoe:Latief, 2002
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. Recommendation for Tarakan

Acomodation Restorasi Coastal Forrest
Coastal pine trees
Mangrove ICZM:

Restoration ManagedRealignment

Coastal setback
: Protection
Lahan Basah (mangrove) 3 (hard and SOft)

Pantai Berpasir

Perumahan

Acomodation ) /
Potensi tererosi
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Gracias
Obrigado

Thank you

Terima Kasih
.

8/10/2022

43





