INUNDATION MAPS FOR TEP
STUDY CASE (PAKISTAN|

unesco

Intergovernmental Indian Ocean
Oceanographic Tsunami Information CIVIL AVIATION AUTHORITY

Commission Centre




PAKISTAN -

waadar el

! i ,pr - " ": ) 5~ ‘f b
\L; '.; i’-l P

.‘* ; y
\
6. " A

< 5 "Eeaward Edge of Makran Subduction Zone

SN
OMAN

7
. ARABIAN SEA

PILOT AREAS



There are no inundation maps that are available to the emergency managers for
1y of the pilot areas.

> or the city of Gwadar that were officially shared
acknowledged or officially
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Why this map?
The map is
areas of danger and safety, and which identi Its intended for use by disaster 3
cies, local governments, and NGOs. It is not intended for use in land-use planning.

What does the map show?
The map identifies parts of Gwadar that would lkely be flooded during an unusually large tsunami in the Arabian Sea. In
the mapped scenario, the tsunami is generated by a sudden shift of the ocean floor during a hypothetical Makran earth-
quake of magnitude 9.

Why assume such a large tsunami?
The largest Arablan Sea tsunami in written history was generated during the 1845 Makran sarthquake of magnitude 8.1.
But written history is usually too short or incomplete to set reliable limits on tsunami size. It was said of the Dacember
had the March 2011 tsu-
July 1869, from an unusu-

ally large tsunami in Pakistan.

Fig.1 i Warmer shads
upltand cooler area epresents subsidenc.

What happened in 19457
Hundreds the Indus River del s the

recent recollections of 9 eyewitnesses from Gwadar and 12 in Pasni [Kakar et al., 2015].

Whe

ps for generating results?

The map shows the resuits of a computer simulation that has § main steps:

1 it i ig This sce-

nario is consistent withrecent estimates of the area on the fault plana that potentially could break during a single earth
quake [Smith et al., 2013]. For simplicty the simulation neglects additonal ocean-flor deformation by submarine and.
sides that an earthquake may produce.

2. The ocean-foor deformation changes the

of the sea surface above. This change in water level defines the nitial

shape of the tsunai. This ise s depicted in wave gauge plot at time zero [Fig. 2]

3 ot p
lation uses bathymetric charts that were digitized [Fig. 3]. The computations themselves were made with Geoclaw, an
‘open source code based on finite volume method [LeVeque et a., 2011].

4. The tsunami runs across the shore onto land. For topographic data we used satelite data Shuttle Radar Topographic

ATM-30 h the area of Gwadar, The population

area of Gwadar city s low Iying and the elevations throughout the neck are reported by lacals as to be not higher than

m. to left unaltered along the populated neck.
toam.
5. Simulations are run for 10 hours and maximum of maximum for flow depths on land are platied to develop inundation
map.

Waterlovel olevtions ()
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Fig. 2 Hypothetical tide gauge(marked by sk in the inundation map) near Gwadar port showing time
seris of wave heights. HAT rfers to ighest astronomical tid that can be reached which has been taken as
the sealevel at Gwadar.
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Maximum flow depths in Gwadar computed for a hypothetical tsunami
from extreme rupture along the Makran Subduction Zone
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What are the main limitations?
Tounami i 1o be purely tectonic although there are possibilites o local landslides as suggested

by two recorded events, with the most recent tsunami occurring on September 24, 2013 attributed to the Awaran
earthquake with magnitude 7.7 [Baptista et l., 2014]. There were no tsunami related deaths and damages. However,
the most destructive of the tsunami to have hit the coastal area of Pakistan was related to the Makran 1945 earth-
‘quake of magnitude 8.1 just offshore of Pasni [Pendse, 1946].

For the nearshore bathymetric data, bathymelric charts were digitized which gives variable resolutions throughout
the domain. Moreover, SRTM-30 was utiized to depict topogarphy, but the region of study is a low coverage area

and thus has vertical elevation errors.

Fig. 3 3D representation of the Digita Elevation Model (DEM) for Gwadear city.

Who supported the mapping?
Funding was provided by Oxtam Great Britan, under a tsunami-resilience project of the United Nations Economic and
‘Social Commission for Asia and the Pacifc
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Why this map?
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What does the map show?
o
theocean

floor during a hypothetical Makran earthquake of magnitude 9.

Why assume such a large tsunami?

‘The largest Arabian Sea tsunami in wiiten history was gener:

d during the 1945 Makran earthquake of magnitude 8.1.
Bt writen history is usualy too short of incomplete to set reiable limits on tsunami size. It was said of the December

2004 tsunami ilarly Japan, the March 2011 tsu-

since July 869.

Iy lrge tsunami n Pakistan.

Fig.1 Warmer shades
epresent uplif and cooler area epresents subsidenc.

What happened In 19457

Hundreds of lives were lost o the 1845 tsunami

Gwadar and the Indus River dela. A recent booklet, presents

the recent recollections of 8 eyewitnesses from Gwadar and 12 in Pasni [Kakar et al., 2015].

What are the steps for generating results?

Generation of maps was
based on five main steps.

1 magnitude 9. This scenario

is i the area on z earthquake

[Smith et al., 2018]. For simplicity the simulation neglects additional ocean-foor deformation by submarine landslides

that an earihquake may produce.
2. Th ocean-loor daformation changes the level of the sea surface above. This change in water level dafines the initil

shape of the tsunami. This ise s depicted in wave gauge plot at time zero [Fig. 2]

3 pih. P

ulation uses hat were digitized [Fig. 3],

themselves were made with Geoclaw, an
‘open source cods based on finte volume method [LeVeque et a., 2011].

4. The tsunami runs across the shore onto land. For topographic data we used satelite data Shuttle Radar Topographic

“The population

area of Gwadar ity is low lying and th

ations throughout the neck are reported by locals as to be not higher than

am.
toam.

5. Simulation results were plotted and made ino 3 severiy zones depending upon flow epths.
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What ar the mln mtatons?
urly recorded

events, with the mast recent tsunari occurring on September 2¢, 2013 ttrbuted to the Awaran earthquake with magritude 7.7

[Baptista ot al., 2014] though there were no tsunami related deaths and damages. However, the most destructve of the tsunami to
have it the coastal area of Pakistan was related t the Makran 1945 sarthquake of magnitude 8.1 jus offshore of Pasni [Pendse,
1946]

For the nearshore bathymetic data, bathymelric charts were digiized which gives variabls resolutions throughout the domain.

Moreover,

RT-30 was utlzed to . but the region of study is & g

errors.

y report from 1998.

Fig.3 3D representaton of the Digtal Elevation Model (DEM) for Gwadar city.
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Why this map?

The map is i

nded to save lives when the next tsunami comes ashore in Pakistan. I can be used to guide people to

safety and to educals

font communty. I i intended for use by disaster management agen-

eople toward a tsunami

cies, local governments, and NGOs. It i not intended for use in land-use planning.

What does the map show?

and possible routes by the locals i atsunami event.

nth " sudden shif of

quake of magnitude .

Why assume such a large tsunami?
The largest Arabian

tsunami in writen history was generated during the 1945 Makran earthquake of magnitude 8.1.
But writen history is usually too short of incomplete to sat reiable limits on tsunami size. It was said of the December
2004 tsunami the March 2011 tsu-

since July 869. With

Iy lrge tsunami n Pakistan.

Fig.1 Warmer shadss
esent uplit and coolr area represents subsidence.

What happened in 19457
Hundreds oflives were lost o the 1045 tsuna mi between Gwadar and the Indus River delta. A recent bookat, presents

the recent recolections of  eyewitnesses from Gwadar and 12 in Pasni [Kalar et al, 2015

What are the steps for generating results?

i as generated by computer has 6
min sops:

1. The simulaton begins with deformalion o the ocean flor during a scenario earhquske of magnitude 9. This scenario
is consistent withrecentestmates o the area o th fautplane that pottally ould break duing a single earthquake
[Smith ot a, 2019] For smpliit the simulation i deformation by i

an earihquake mey produce.
2. The ocean-foor Geformation changes the level of the sea suface above. This change in water lvel dfine theinital
shape of the tsunai. This rise i depicted in wave gauge plt t time zeo [Fg. 2]
s pth.

3l

source cods based on finte volume method [LeVeque et al., 2011).

4. The tsunami runs across the shore onto land. For topographic data we used satelite data Shuttle Radar Topographic

g “The popu-
lation area of Gwada

s Tow lying and the elevations throughout the neck are reported by locals s to be nt higher
han 3m. Topographic elevation equal to or below 3m was lef unaltered along the populated neck. The rest wre sel be
equalto3m.

5.

6. Depending upon the severity zone, number of people exposed to risk and time required for evacuation to the nearest

safe zone routes are selected. Gwadar city is divided into 2 halves 5o that a number of roads are used only to go north-

wards only and rest are used to move Southwards In order to avert trafic jam.
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What are the main limitations?

events, with the most recent sunami occurring on September 24, 2013 attibuted to the Awaran earthquake with magnitude 7.7

[Baptista et al, 2014). W

he coastal Justoffshore of Pasi (Pendse, 194].

For the nearshore bathymetric data, bathymetric charts were digitized which gives varizble resolutons throughout the domain.

Moreover, SRTM-30 was utized 3 is thus
ertors.

‘Additonally no recent census report is avaiable 5o the study had to ely on census reportfrom 1998, Gwadar is an informal, un-

planned city Moreover the roads o two lanes.

Fig.3 3D representaton f the Digal Elevation Modsl (DEM) for Gwadar city.
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The model considers only uniform slip.
The data of the infrastructure is incomplete.

The DEM used for study does not include the newly developed
btorway on reclaimed land towards the east side of the neck
iInundation pattern significantly.

LIMITATIONS
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