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Monitoring seismic activities alerts for GCC cities [KNSN System]

Introduction

Kuwait National Seismic Network (KNSN) started in March 1997 with the objectives of
recording local, regional and teleseismic events as well as to assess the hazard those seismic
events pose to the country. KNSN consists of eight field stations that performed to characterize
seismicr §ou£ces.

Figure 1. KNSN control Center

Objective
Kuwait National Seismic [KNSN], it is a monitoring seismic activities alert for GCC cities the
objectives of recording local, regional and teleseismic events as well as to assess the hazard those
seismic events pose to the country.
o KNSN alert operator can setup or broadcast new earthquake events at
[http://www.hceatkuwait.net/ KNSNset.aspx]
o KNSN alert system work three operation system:
e Online Internet website [http.//www.hceatkuwait.net/KNSN.aspx]
By [Active Server Script Page Coding)
e Mobile apps [[Phone/Ipad] [KNSN apps]
By [Objective-C. . coding]
e Local operation system [Window base] [Khydro model]
By [Visual Base Coding]

THEORETICAL ANALYSIS

The information regarding the PGA characteristic caused by earthquake can be obtained from
the records of earthquake events in the past. The records of ground acceleration allow to extract
the main characteristics from the ground motion recordings such as the peak ground velocity, can
be calculated as the acceleration of the ground (ground acceleration) as well as the acceleration
of earthquake on the ground surface. The PGA values can be calculated using the attenuation
function. The attenuation function is a function that represents the coloration between the
intensity of local ground movement (a), the earthquake’s magnitude (M), and the distance
between one point in the source of the earthquake (r). Experts has formulated Ground-Motion
relationships with Earthquakes events can be analysis by data processing in this research consists
of six steps which is

e 2D Grid development [ up to 400/400 - 2D grids]
Calculation of distance D;;from the epicenter to the grid centroid.
Computer application development.
PGA; value calculation [Peak ground Acceleration]
Plotting the PGA values in each of the 2D grid centroid on Google map.
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e Development of hazard zone map using Kriging Algorithm.

The Earthquake energy is dispersed in waves from the hypocenter, causing ground movement
omnidirectional but typically modeled horizontally (in two directions) and vertically. PGA
records the acceleration (rate of change of speed) of these movements, while peak ground
velocity is the greatest speed (rate of movement) reached by the ground, and peak displacement
is the distance moved. These values vary in different earthquakes, and in differing sites within
one earthquake event, depending on a number of factors. These include the length of the fault,
magnitude, the depth of the quake, the distance from the epicenter, the duration (Iength of the
shake cycle), and the geology of the ground (subsurface). Shallow-focused earthquakes generate
stronger shaking (acceleration) than intermediate and deep quakes, since the energy is released
closer to the surface. Peak ground acceleration can be expressed in fractions of g (the standard
acceleration due to Earth's gravity, equivalent to g-force) as either a decimal or percentage; in
m/s2 (1 g=9.81 m/s2); or in multiples of Gal, where 1 Gal is equal to 0.01 m/s? (1 g =981 Gal).

Methodology

2D Grids with up to 400 x 400 square with a total of 160000 grids covering all of the area and
surroundings the Epicenter of the earthquake , each grid is determined by the centroid. The
distance from the epicenter to the grid centroid is calculated by comparing the epicenter
coordinate grid centroid and the following equation:

D= V(Asone — Bione)’ + (Aszt — Bia)? [1]
Where: '[ long 1 g) { lat l.t)

D;;: 1s the distance from the epicenter earthquake to the centroid of grid (Km).
Ajong : Longitudinal coordinate of the epicenter earthquake [deg]

Biong : Longitudinal coordinate of the grid centroid [deg].

Ay : Latitude of the epicenter earthquake [deg].

By, : Latitude of the grid centroid.

The Peak Ground Acceleration [PGA] value is calculated using two global attenuation functions
which is adopted from [1] and the local attenuation function from [2]. The equation of Youngs’
attenuation function can be

elaborated as follows:

[For Rock]

In(PGA)=0.2418+1.414M+C1+C2(10-M)*+C; In(ry+1.721%°*™)4+0.0060H+ 0.38467,  [2]

[For Soil/sand]
INPGA) = —0.6687 +1.438M +C) +C,(10- M)+, Inf R +1.097" ™)+ 0.00648H +0.3643Z,

Where
PGA;;: is the peak ground acceleration (gals) value.
M : is the earthquake magnitude value (Richter Scale) [My,].
Rup; ; : is the horizontal distance from the epicenter earthquake to the grid centroid[km]
H: is the depth of the earthquake center [Km].
Zr :is the type of epicenter (0 for interface and 1 for intraslab)
C1,C2, C3 represent the regression coefficient from the function
(C1 and C2 value 0 and C3 =-2.552)
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Figure 2 display sample of 2D peak ground acceleration around epicenter with 2D grid
[100x100] used by the three operation system.

Correlation with the Mercalli scale

The United States Geological Survey developed an Instrumental Intensity scale, which maps
peak ground acceleration and peak ground velocity on an intensity scale similar to the felt
Mercalli scale. These values are used to create shake maps by seismologists around earthquake.
As shown in Table 1.

Table 1
In;;l;znmsg?;al Accel(gatlon ‘;zl()mz;y Perceived shaking Potential damage
I <0.0017 <0.1 Not felt None
TI-111 0.0017 -0.014 0.1 - 1.1 Weak None
v 0.014 -0.039 1.1-3.4 Light None
v 0.039 - 0.092 3.4-8.1 Moderate Very light
VI 0.092-0.18 8.1-16 Strong Light
VII 0.18-0.34 16-31 Very strong Moderate
VIII 0.34-0.65 31-60 Severe Moderate to heavy
IX 0.65-1.24 60-116 Violent Heavy
X+ > 1.24 > 116 Extreme Very heavy
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Figure 2. 2D display on Google map on Khydro model, KNSN website and KNSN apps.
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2D Grid System Cover Epicenter Location

No. Of 2D grid [up to 400X400 grids] that cover the epicenter of the earthquake.
Figure 2A display the 2D grid around Epicenter
Each grid resolution in X and Y direction are calculated based on

ABS [Longepicenter — Long (Xaiert 10cation ]

Grid — X = No of grid

ABS [Latepicenter - Lat(yalert loation)]

Grid =Y = No of grid

Where
Longepicenter — LOong (Xatert tocation) = 3 degree
Latepicenter - Lat(Yalert loation) =3 degree
No of grid from 10 to 200 grids
Total 2D Grid for the simulated domain will be [ No of Grid*2 X No of Grid*2 ]
Approximate Grid resolution if (No of grid=200)
Grid-x =1470 m
Grid-y= 1666 m

=400

g Hpicgnter [Barthl Judkce
& =200 ot
b 3 degrees
—
3 degrges
1
=1 7200 =400
Longitude
Figure 2A
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KNSN alert Operator for setup or broadcast new earthquake events.

KNSN system Demonstration
Internet Website Version
[http://www.hceatkuwait.net/ KNSNset.aspx

.
& hitp://www hceatkuwait.net/KNSNset aspx
National Seismic Alert | & Kuwait National Seismic Alert | & Google Translate
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You are using a browser that is not supported by the Google Maps JavaScript API. Please consider changing your
browser. Leammore Dismiss

KNSN Earthquake Alert Information
Earthquake EpiCenter Location

Longitude [Deg]: |47.80725627301283
20.340864571681742

Latitude [Deg]:
Location Select Information ... []

Earthquake Magintude Information
o

EarthQuake Magnitude [Mw]:
EarthQuake EpiCenter Depth[Km]: |0

. formaion BB
Earthquake Date/Time Information

Date:
Day: [11 | Month: [11 | Year: [2021

Time
Hour: [12_| Minuts: [12

Reload-MAP

Figure 3. Operator control website main page for setting up new events.

This section is for KNSN system Operator for broadcast earthquake event .
From [hcatkuwait.net] as shown in Figure 4. Then must select [ﬂwl-' /] to redirect to KNSN system

as shown in Figure 5.
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Figure 5

Then from Figure 5 user must select [ KNSN Alert System | to redirect to KNSN setup page for
operator as shown in Figure 3.
To setup new earthquake events operator must enter the following earthquake information as:

e Earthquake Epicenter Location in [Longitude/Latitude] deg.

To enter location user must Check [ Location Select Information ... o ]
Then select location by two ways as:

(1) Manually enter Longitude/Latitude in deg.
(2) By click on Google map as shown in Figure 6
Then to set the selected location use must Un-Check [ Location Select Information ... O ]

Reload-MAP 1

To check select location by [
e Earthquake Magnitude [Mw]
Date [day/month/year]
e Time [hour/minutes]

Figure 6
Then user must enter the password to save and broadcast the Earthquake events for Public Alert
[ E |
. k&’ [ . .
at [ : ] as shown in Figure 6.
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KNSN alert Display new broadcast earthquake event by remote internet website

KNSN system Demonstration
Internet Website Version
[http://www.hceatkuwait.net/ KINSN.aspx ]

. File Edit View Favorites Tools Help
‘5 I AlQuran MP3 Audio - Re... |, fortran v G Google (IS Kuwait Coastal Informatio...

KNSN Alert System

Events Date/Time
2/10/2021 Time: 2: 40

"8 EarthQuake EpiCenter Location:
Longitude: 49.03 DEG
"\ Latitude : 32.5 DEG
EarthQuake Magnitude: 5 Mw
EpiCenter Depth: 10 Km

N G.C.C. City Alert
» A

) .
1100 km 1 | Terms of Use

Figure 7

This section is for KNSN system to display earthquake event .
From [hcatkuwait.net] as shown in Figure 8. Then must select [@4@] to redirect to KNSN system

as shown in Figure 7. )
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Figure 8
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Figure 7 display through the internet any newly broadcast Earthquake event published by the
KNSN operator. It display the following event parameters as follows:

Event Date and Time
Event Epicenter Location
Event Magnitude

Event Epicenter Depth

Figure 7 display 2D hazard shake maps from event around earthquake on Google map.
Map will be updated every certain time.
To analysis GCC cities from hazard shake due to earthquake events. From Figure 7 user must

select from Dropdown list as shown in Figure 9 a city to hazard analysis then click on [E ]

GC.C. Ci&-A[en:
T

Kuwait

Kuwait AlJahra
Kuwait AlAhmadi
KSA-Damam
KSA-Ryadh
Bahrain-Manama
Qatar-Doha
TUAE-Dubai
TUAE-Abu-Dabi
Oman-Mascat

Figure 9

Figure 10 display earthquake hazard analyses based on table 1 as follows:

Epicenter Earthquake Distance: km
Merecalli scale Intensity:

Peak Ground Acceleration: gal
Velocity: cm/s

Perceived Shaking:

Potential Damage:

@ hitp://heeatkuwait.net/KNSN 2spx
] | iw o Ths v 5
Tools Help
|\ fortran v G Google (1§ Kuwait Coastal Informatio... [ Login ResearchGate [J3 Outlook P} National Bank of Q8 @ Sign in with your Apple ID...

we WeTransfer - Send

- - = ~ 'v
National Scismic TNaetwo

Wy

B KNSN Alert System
Events Date/Time
2/10/ 2021 Time: 2: 40

‘¥ Longitude: 49.03 DEG

% GC.C Gy Alert

Kuwait AlJahra V| E

EpiCenter EarthQuake Distance: 374.6 km
calli scale Intensity: T
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KNSN alert Display New Broadcast Earthquake Event on Local Window system

KNSN system Demonstration
P.C. Version
[Khydro model]

KNSN Alert system display earthquake event by local window operation system using Khydro
model for Virtual Mentoring system as shown in Figure 11. KHydro model consist of monitoring
system for the following:

¢ Online Monitoring System for Hydrodynamics’ parameters
¢ Online Monitoring System for Seismic events activies

“Start Activate End
@ K.ISR.

Kuwait Istitute For Scientific Research

Realtime Virtual Monitoring For Kuwait Water's Hydrodynamic's
KHydro Program

& cis

Copyright @ 2011. Khaled Al-Salem. KHydro . All
rights reseved

! Email: ksalem@kdisr.edukw

Figure 11

From Figure 11 user must select [START] then dropdown list will show for user to select.
User select [ SEISMIC]. Then Figure 12 will display the following:
e 2D hazard Google map at epicenter
e Events Information
o Event Date and time
o Epicenter [Longitude and Latitude ] deg
o Earthquake Magnitude
o Epicenter Depth
e BY default [Kuwait City Monitoring]
o Distance from Epicenter Earthquake to select location
o Mercalli scale Intensity [As shown in table 1]
o Peak Ground Acceleration at select alert location

Khaled Al-Salem (2020) 10
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o Velocity
o Perceived Shaking
o Potential Damage

— —

Monitoring Seismic Activities
Event Date: 2/10/2021 Time: 2: 40
EpiCenter Location

Longitude: 49.03 Deg

Latitude : 32.5 Deg
EarthQuake Magnitude: 5 My
EpiCenter At Depth: 10 Km

Kuwait City Monitoring

EpiCenter EarthQuake Distance: 367.77 km
Mercalli scale Intensity: I

Peak Ground Acceleration: <0.0017Gal
Velocity: < 0.1 cm/s

Perceived Shaking: Not felt

Potential Damage: None

Le i
. o | Imagery ©2021 TerraMetrics.
ak. 1 i Teall
Kuwait Institude For Sceintific Research F Scale [gal]
Kuwait National seismic Network
0 13 23 38 50 6
K Al-Salem @2020

Figure 12

To analysis the event hazard of different location from hazard shake due to earthquake events.
From Figure 12 at the red circle user must check-in the square box.
Then new information will display as shown in Figure 13

@ Kuwait National Seismic NetWork djup I EP @.ﬁl %gl @I 19/102021 18:55:44
3 - - < . = i P

Monitoring Seismic Activities

Event Date: 2/10/2021 Time: 2: 40
EpiCenter Location
Longitude: 49.03 Deg
Latitude : 32.5 Deg
EarthQuake Magnitude: 5 My
EpiCenter At Depth: 10 Km

Kuwait City Monitoring

EpiCenter EarthQuake Distance: 367.77 km
Mercalli scale Intensity: T

Peak Ground Acceleration: < 0.0017Gal
Velocity: <0.1 cm/s

Perceived Shaking: Not felt

Potential Damage: None

KNSN- Alert Monitoring Location |
Longe s [owm_]
L EE
Type Of EpiCenter
On. Of Grid [X/Y]:
Map Zoom Factor
Monitoring Time Interval

Line Contours [~ Onlin:

Kuwait National seismic Network

Save HTML K Al-Salem @2020

=

Kuwait Institude For Sceintific Research (

Figure 13
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Figure 13 displays [KNSN Alert Monitoring Location] to setup new location and a number input
parameter as follow:
e Monitoring Location [Longitude / Latitude] deg.
To enter the new alert location by
o Manually enter location
o Click on Google map to Longitude and Latitude data
e Type of Epicenter
From dropdown list there are two type for calculation the hazard as:
o Intraslab
o Interface
e No. Of 2D grid [up to 400X400 grids]
Figure 14 display the 2D grid around Epicenter
Each grid resolution in X and Y direction are calculated based on

ABS [Longepicenter - Long (Xalert location ]

Grid — X =
m No of grid

ABS [Latepicenter - Lat(Yalert loation)]

Grid =Y =
m No of grid

Where
Longepicenter - LOTlg (Xalert location) =3 degree
Latepicenter — Lat(Yaiert 10ation) = 3 degree
No of grid from 10 to 200 grids
Total 2D Grid for the simulated domain will be [ No of Grid*2 X No of Grid*2 ]
Approximate Grid resolution if (No of grid=200)
Grid-x =1470 m
Grid-y= 1666 m

=400

BEpicgnter [Barthl jugkle

=200 — '

3 degrees

Latitude

3 degrkes

=1

=1 7200 =400
Longitude
Figure 14
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Google map Zoom Factor

Monitoring Time Interval [in minutes up 60 minutes]
Online Monitoring ON/OFF [Check-in]

Line Contour map ON/OFF [Check-in]

To create HTML file for 2D hazard map on Google user must select [ _ SaveHIML |,
Figure 15 shows sample of snap script code of HTML file created by the model and Google map

=1DOCTYPE himl=

<html=
<head*
<meta http-equiv="content-type’ content="text/html;charset=utf-8'/>
=meta http-equiv="8-UA-Compatible’ content="|E=edge'>

<title=Kuwait National Seismic Net\Work= /title=
<style>

#map {
height: 10:08;

¥

html, body {
height 1005%;
margin: ;
padding: J;

H

#loating-panel {
background-color: #1FF;
border: 1px solid #995;
left: 13%;
padding: Spi;
position: absolute;
top: 45px;
z-index: 5;

i _

#flosting-panei2 | o s
background-color: i,
border: 1px solid #995;
left: 5%;
padding: Spx;
position: sbsolute;
top: B0px;
z-index: 5;

H

Frv2 |
background-color: #ACE 1AF,;

¥

#rvd {
background-color: #ffa812;

H

FrvE |
background-color: fFodleds;

C @ O Fie | Cyusers/KHALED/D b s 0 B ¢ @ @&

Figure 15
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KNSN Alert Display New Broadcast Earthquake Event by Smart Device.

KNSN system Demonstration
Mobile Version

[KNSN Apps]
http://hceatkuwait.net/request/Data_iphone.htm

KNSN Alert system display earthquake event by Smart Mobile Operation System [[Phone/IPad]
for Virtual Mentoring system as shown in Figure 16. KNSN Apps consist of monitoring system
for new broadcast Earthquake events by KNSN operator.

KNSN Apps
Auwait National. Seismic Alert

Figure 16

Figure 16 display for user to select type of monitoring display [English / Arabic display] as
shown in Figure 17.
User select [Alert or /4] at ["‘/\/L"'L ] To start Event mentoring then Figure 17 will display.
Figure 17 display a number of information which are:
e 2D hazard Google map at epicenter
e Events Information
o Event Date and time
o Epicenter [Longitude and Latitude ] deg.

Khaled Al-Salem (2020) 14
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o Earthquake Magnitude

o Epicenter Depth
e BY default [Kuwait City Monitoring]

o Distance from Epicenter Earthquake to select location
Merecalli scale Intensity [As shown in table 1]
Peak Ground Acceleration at select alert location
Velocity
Perceived Shaking
Potential Damage

© O O O O

il ) g 2 420 iy 2 A2 i

[gal] o=

|
Pe: ce

PM PM

N LN A8) ja
2:40 3=\l 2/10/2021 sl 76
JIH S a gdsa
49.03000 :[3a 2] Jshall las  32.50000 :[4a ] el s
5.0 [Mw] D330 pas 10.0 : [S] Geall S

Monitoring Seismic Activies
Event Date: 2/10/2021 Time 2:40
EpiCenter Location
Longitude[deg]: 49.03000 Latitude[deg]: 32.50000
Magnitude[Mw] 5.0 At Depth[km]: 10.0
KNSN 4 pliai
km 367.8 i)l JN Al S e
em/s 0.1 > e yudl I Mercalli _ebie 43U
2al 0.0017 > : 5 il g s el
Al
22 Y rddiadll ) juall

.\: %

KNSN Alert system
EpiCenter EarthQuake Distance: 367.8 km
Mercalli scale Intensity: I~ Velocity: < 0.1 cm/s
Peak Ground Acceleration: < 0.0017 gal
Perceived Shaking: Not felt
Potential Damage: None

Figure 17

To analysis the event hazard of different location from hazard shake due to earthquake events.

From Figure 17 user must select [: ] to display new setup information as shown in Figure 18
For the following parameters:
e Monitoring Location [Longitude / Latitude] deg.
To enter the new alert location by
o Manually enter location
o Click on Google map to Longitude and Latitude data
e Type of Epicenter
From dropdown list there are two type for calculation the hazard as:
o Intraslab

Khaled Al-Salem (2020) 15
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o Interface
e No. Of 2D grid [up to 400X400 grids]
Figure 14 display the 2D grid around Epicenter
Each grid resolution in X and Y direction are calculated based on
ABS [Longepicenter B LOTlg (Xalert location ]
No of grid

Grid — X =

ABS [Latepicenter - Lat(Yalert loation)]

d—Y =
Grid No of grid

Where
Longepicenter - Long (Xalert location) =3 degree
Latepicenter - Lat(Yalert loation) =3 degree
No of grid from 10 to 200 grids
Total 2D Grid for the simulated domain will be [ No of Grid*2 X No of Grid*2 ]
Approximate Grid resolution if (No of grid=200)
Grid-x =1470 m
Grid-y= 1666 m

=400

Hpwcgnter [Barthi uglce

=200 — ot

3 degrees

Latitude

3 degrkes

=1

=1 7200 =400
Longitude
Figure 14

e Google map Zoom Factor [ Q or  manually or e]
e Line Contour map ON/OFF [Check-in]

e Take snap shot of Google map for Sending data [ Email or Whatsapp] ﬁ

e Create HTML file for 2D events plot on Google map for send data [ Email or Whatsapp]
e (Clean Google map from all PINS drop

e Current Location ON/OFF [Check-in]

e Change ALPHA Color of the Contour on Google map [ e 0 ]
Figure 19 display an example for check the new hazard location close to Epicenter.

_

Khaled Al-Salem (2020) 16
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Alert Monitoring Location
Longitude[deg] 47.90742

Latitude [deg] 29.34078

Type Of EpiCenter: Interaslab

Number Of Grid[ 20 - 200] 100

Map Zoom Factor >= 0.001 2.00 0

Contours Type
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Monitoring Seismic Activies
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KNSN Alert system
EpiCenter EarthQuake Distance: 10.0 km
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Potential Damage: Light
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Khaled Al-Salem (2020)

Monitoring seismic activities alerts for GCC cities [KNSN System]

Figure 18

Figure 19
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Monitoring seismic activities alerts for GCC cities [KNSN System]

User can send data by :
o Email with and attachment [Google map image and HTML file created]
o Whatapps can only send [ Google map Image]

From 19 user can select [ki to display the data transfer page as shown in Figure 20.

{

\ \M L ]
Where Figure 21 display the data transfer methods [Email “* - or Whatsapps \b ]
Figure 22 show sample of snap script code of HTML file created by the model and Google map

Figure 20

€« 8 6 § & 0 ¢ Do

KNSN Info.Data... © inboxx

khaled Al-Salem <ksms001@gmail.com>

&£ tome~

KNSN Alert System
Kuwait Institute For Sceintific Research
Khaled Alsalem
2 Attachments
Reminders
Add to Shared Album B KNSN.htm ¥
Add Tags
Save to Files & Reply ®» Forward

Figure 21. Data Transfer by Whatsapp and Email
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Monitoring seismic activities alerts for GCC cities [KNSN System]

=IDOCTYPE html>

<html=
<head>
<meta http-equiv="content-type' content="text/html;charset=utf-8'/=
=meta http-eguiv="8-U A-Compatible’ content='|E=edge'>

<title>Kuwait National Seismic NetWork</title=
=style>
#map{
height 10:{08s;
H
htmil, bady {
height: 1008,
margin: J;
padding: O
H
#floating-panel |
background-color: #F1T;
border: 1px solid #995; B fle[Usersiapple/DeskiopXNSN-2.him ¢ &+ B
left: 13%; s
padding: Spe;
position: absolute;
top: 45px;
z-index: 5;
H
#floating-panel2{
background-color: #F1T;
border: 1px solid #999;
left: 53%;
padding: Spe;
position: absolute;
top: 60px;
z-index: 5;
H
Bl |
background-color: FACE1AF,
H
fwd {
background-color: #fa812;
H
#ve {
background-color: #c4leds;

Figure 22
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Monitoring seismic activities alerts for GCC cities [KNSN System]

From Figure 16 user can display a description of KNSN control section by click of KISR image

at [ @ ]. Then Figure 23 will display in [English and Arabic description display].

@ CRISIS DECISION SUPPORT
Identifying Threats and
Mobilizing Responses s

Kuwait is vulnerable to hazards associated with
environmental and industrial crises in its petroleum,
residential, energy, and industrial sectors. Managing an
effective response requires informed and efficient
decision making as well as coordinated efforts from
multiple emergency response units and national
stakeholders. Recognizing these challenges, KISR
developed the Crisis Decision Support (CDS) Program to
address the need for a centralized infrastructure capable
of identifying threats and mobilizing responses to
mitigate and avert the impact of both natural and man-
made disasters. KISR Through its facilities and experts,
the Program will provides decision makers with technical
information and decision support tools scenarios,
procedures and codes of practice for responding to any
environmental hazards. The Program will involves
establish n online environmental data system (i.e
meteorological, oceanographic, radiological, seismic
data) for use in modeling effort to support the decision
makers in preparing managing and remediation of

fi
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Figure 23
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