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1. System Description

C.1.S Interface 2005

A number of marinas, harbors, ports, power plants, and other projects are being
constructed or planned for future construction along the shoreline of Kuwait and Arabian Gulf.
Such projects require data on the water levels, currents, and extreme wave conditions for the
purpose of designing coastal structures. Also, the risk associated with different extreme wave
conditions is also essential in designing coastal structures. Therefore, updating and upgrading the
Kuwait Institute for Scientific Research (KISR) Coastal Information System (CIS) database from
1979 to 2018 is needed for long-term hydrodynamic data in Kuwait and Arabian Gulf waters. In
this study a third-generation wind-driven wave model (WAM) was used to model the wind
waves in the Arabian Gulf. The WAM model was validated using a Global Wave model data
(ECEMF) or field measurements to ensure its accuracy. The updated database has better
commercial value and will be useful for the optimal design of marine structures in the Arabian
Gulf. It will also be useful for any future coastal research projects.

1.1 Background

The Digital oceanographic Atlas provides a valuable source of data. This Interface model as
shown fig. 1 linked with oceanographic and met ocean databank will provide a new
comprehensive hydrodynamic atlas for Kuwait's waters that can be a valuable source of
information for the met ocean and oceanographic atlas of Kuwait and the Arabian Gulf. Time
series of wind, wave, water levels and tidal currents are provided for last 40 years (1979 to
2018). The data generated and stored in a digital Coastal Information System C.1.S as shown in
Fig. 1, that will provide a useful tool for the extraction data and analysis for (time series,
summary tables, roses). The model interface system divide into several options as: -

. — — ==
B3 Digital Atlas For Wind, Wave and Current Data Hincast for Kuwait Waters. E
-
START CIS. Exit

Figure 1. Coastal Information System Interface [C.S.1]
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1.2 Wind Analysis Methodology
In this study, sources of wind data covering the Gulf were purchased from the European
Center for Medium-Range Weather Forecasts (ECMWF). The ECMWF wind fields have been
utilized by Cavaleri et al. (1991) for wave hindcast in the western Mediterranean Sea and Sulisz
et al. (2000) in the Arabian Gulf. EIDeberky et al. (2002) found that the National Centers
Environmental Prediction (NCEP) data provided better results than the ECMWF data for some
cases over the Mediterranean Sea. EIDeberky et al. (2002) however compared three sources of
wind fields for the Mediterranean basin, the NCEP satellite blended data, the NCEP reanalysis,
and the ECMWF wind fields.

Their results showed that the short available period of NCEP satellite blended data was not
sufficient to judge on its accuracy for the area of study; while the NCEP reanalysis and the ECMWF
wind fields showed almost similar results; while the NCEP reanalysis winds from the wave
modeling point of view succeeded to simulate the extreme wave conditions compared to the
measurements of the wave buoys. Benoit and Lafon (2004) however found that the ECMWF data
provided better results than the NCEP data for the European continental shelf. They also had
corrected the ECMWF data based on some calibration of the wind data. They also mentioned that
the NCEP data provided results higher than the ECMWEF data. In this study, a number of years of
ECMWEF wind data were used on a grid size of 0.5° with a three-hour interval. The wind data cover
an area over the Arabian Gulf from Longitude 47.0° and Latitude 23.5° to Longitude 57.0° and
Latitude 30.5°.

1.3 WAM Model Methodology

For most locations, it is difficult to find long-term wave data, essential for the design of any
coastal project. Hindcasted wave data are usually used for such purposes. Different wave
hindcasting methods are available, ranging from simplistic empirical formulas to complex two-
dimensional wave models. Many organizations around the world sell hindcasted data obtained
from advanced offshore wave models, e.g., British Met Office (BTO). Many other centers
provide wave forecasts based on advanced offshore wave models (e.g.,
https://www.fnmoc.navy.mil). These forecasts range from global forecasts to local forecasts. The
Naval Oceanographic Office in the USA uses the WAM model for forecasting waves in the
Arabian Gulf (Johnson et al. 1995).

The Arabian Gulf is almost 900 km long and has a maximum width of about 360 km. The
width of the Strait of Hormoz is about 100 km. The Arabian Gulf is predominantly shallow with
the bottom sloping gently from the Arabian peninsula into an elongated basin attaining
maximum depths of 80 to 100 m close to the more linear and mountainous Iranian coast on the
east. Due to the shape of the Gulf as shown in Fig.1, it is sufficient to model the wind waves in
the Gulf only with part of the Gulf of Oman.

[Sulisz and Al-Salem 2000] used a third-generation wind-driven wave model WAM
(WAMDI Group, 1988) to model the wind waves in the Arabian Gulf with emphasis on
Kuwait’s territorial waters. The WAM model is a third-generation ocean wind-wave model. The
model is based on the discrete spectral action balance equation that is a generalization of the
energy balance equation in the presence of currents. In the model, this balance is formulated for
propagation over a sphere using longitude A and latitude ¢ coordinates.

[AL-Salem 2005] 5
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with short hand notation N for N(k, ), which is the wave number action density spectrum of the
waves, defined as the energy density divided by the relative frequency o; S is the source term,
and 0 is the wave direction.

The left hand side represents the advection term. The first term on the left hand side of the
balance equation represents the local rate of change of wave action density. The second and the
third terms represent propagation along great circles in geographic space. The fourth term
represents shifting of wave number due to time variations in depth and currents. The fifth term
represents refraction. The right hand side of the above balance represents the overall effects of
the physical processes that add or take energy to or from a given spectral component. The
physical processes included in the model are wind-wave interaction (generation), wave-wave
interaction (quadruplet), dissipation (white capping), and shallow water bottom dissipation (bottom
friction). For the calculation of waves in the surf zone and in shallow water a nearshore wave model
with a fine grid should be used to transform the offshore wave roses generated by this study. More
details on the model can be found in Sulisz et al. (2000), WAMDI Group (1988), and Al-Salem et
al. (2005)

[Sulisz and Al-Salem 2000] showed that the use of simple empirical techniques assuming
stationary and homogeneous wind fields over the Gulf often results in poor wave predictions. They
also verified the ability of the WAM model to predict the wave conditions at three different
locations in Kuwait. Their study indicated that the wind data obtained by the ECMWEF
underestimated the wind speed for some of the storms. This was shown by comparing measured
winds at the buoy location with the ECMWEF data for these storms. The comparison showed that for
the storms with an underestimation in the wave heights, the winds used were lower than the values
measured at the buoy as shown by Al-Salem et al. (2005).

The model covers the entire Gulf from the 47.4° until the 56.8° Longitude and 23.8° until
30.5° Latitude with a grid spacing of 0.1°. Fig 2 provides the grid used for the WAM model over
the entire Gulf; Fig. 3 provides a closer view for the Kuwait’s territorial waters. The bathymetry
digitized from the admiralty charts used in Sulisz et al. (2000) was used. Twenty-five
logarithmically distributed frequencies (fn+1 = 1.1fy) with an initial frequency of f1 = 0.0505 Hz were
used to represent the wave spectrum. The directional spectrum has a resolution of 15° with 24
directions, which will provide data that can be used for sediment transport calculations. A time step
of 5 min was used in the model (Table 1).
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Figure 2. Grid used fot-thgiAdabian Gulf WAM model.
Table 1. WAM Model Setup Parameters
Parameter Value / Range
Spatial grid resolution 0.1°
. 25 frequencies (starting from 0.0505
Frequency resolution Hz)
Directional resolution 15° (24 directions)
Propagation time step 300s
Source time step 150s
Output time step 1h
Time step for wind data 3 h for ECMWEF and 6 h for NCEP
Shallow water terms On
Depth refraction On
Current refraction Off
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2. Wind Speed 1D/2D Database Analysis

The model covered the entire Arabian Gulf from (longitude 47.4, Latitude 23.8 deg) till
(longitude 56.8, Latitude 30.5 deg.) with grid spacing of (0.1 deg). Data record covered

From 1979 to 2018. Wind data at 10m above sea level. User must select this option From Fig. 1;
Then Fig 3 will display to user a number of sub-option as follows:

C.1.S Interface 2005

Option 1:

2.1 Wind Extracting 1D Data at Grid
User must Select To extract wind speed data at select grid in Arabian Gulf as shown in Fig 3.
Fig 4 will display for user To enter require Grid Information as follows

e Enter the Year of select data [By Select Directory File]. As input file
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Select Day / Month /Year

e Enter Start Day number and number of Days user want to Extract.
Then Select Extract to Start collect the data require. As shown Fig. 6

Wind Data Extract Extract Wind Time Series at a Grid

Wave Output Extract Extract Wind Field Over Gulf for surfer

Surface Sea Water Temerature (c) Extract Wind Time Series for Wam Mode I(NW16.dat)
Air Temerature (c) At 2m Above Sea Level Extarct Maximum Wind Speed

Evaporation Over the Arabian Gulf Extarct Time Series for Wind Speed

Mean Sea Level Pressure in Arabian Gulf Slell{ n A

Gravity Wave Disspation in Arabian Gulf TS - ‘4‘ ¥4

NorthWard Gravity Wave Surfce Stress o Sacals

Boundary Layer Height £

Tidal Current and Water Level Output Extract

s

Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map
1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database
Simulate Inundation From Sea-Level Rise
Grid Stsem

Figure 3
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Extract digital Gulf Map Plot  Surfer  Wind Energy
Directory Files  Back Page

Input And Ouiput
Selection Of nput Wind File Iﬁ

Output Wind il |C:\w avehTiwind.bin
Grid Location
Longititude (deg) [ Range (47.4010 5680 deg)
Latitude (deg) [ Range (23800 30.50 deg)

Select Tower Location Press Here

Select Bowuv Location Fress Here

Time For Extracting Data

Year  Montl Day

Starting Time Iu ;”l] ;”D ;I
Nmber Of Davs I

Figure 4

-
B3 Arabian Gulf Digital Map
e B

Check Location  Close Page

Arabian Gu([ Digital Location
Enter Location To Extract Information for Gulf Area

m 80 Deg
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59 Wind Time Series at Grid
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Writting Date=
Writting Date= -
Writting Date= Back Main
Hritting Date=

Hritting Date=

Hritting Date=

Hritting Date=

Writting Date=

Finshing Running

Figure 6

From 4 Data Analysis in this option as follows:
1- Plot Wind Speed Data [Plot] as shown in Fig 7
2- Plot wind Speed Data by Surfer Program [Surfer]
3- Wind Energy Analysis as shown in Fig. 8

CEE S )

Scale Print  Close

@]T_IJSR

— Wind Speed (m/s)

Wind Speed (m/s)
O - wowoa o o@m uom

Time(hr)

K. Al-Salem (2014)

Figure 7
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2.1.1. Wind Energy Analysis
Wind Energy Study and Calculating Tool. It a valuable tool to study and calculate the wind
energy at any select location in Kuwait and al Arabian Gulf. User Should Selection Wind Energy
from Fig. 4 after the wind data extract is finished.
Fig. 8 will display then user should select Run in Fig. 8 to plot all extracted wind data and the
corresponding wind energy. Then user characterized the wind data as follow:-

1. Select roughens for the train.

2. Select Dray air temperature.

3. Select Hub Height.

4. Select Wind Direction

5. Select Wind Mill starting speed

C.1.S Interface 2005

w| [nvestigat Wind Power (Wind Energy)

HN Back Page
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Figure 8
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Then after all selection is made user should click on Show in Fig 8. Fig 9 will display for user to
show the amount of wind energy will be produced for this wind data record and user selection. If
user click on the Analysis V. as shown in Fig 9 a drop down list will display for user to see some
calculated variables as show in Fig 9. as follow:-

1- Total Energy (kw/sg.m)

2- Mean Wind Energy (kw/sq.m)

3- Mean Wind Speed (m/s)

4- Total hours pre year (energy will produce)

5- Percentage of wind energy pre year (percentage energy produced pre year)

C.1.S Interface 2005

S[(=]E

Roughness |. C. L. Air Temperature Hub Height Wind Direction Start wWind 5.

Show  Analysis ¥, Back Page

|Water Surface jh g ﬂl‘m j|NW j|3 ﬂ

Tatal Eneragy
tean *Wind Energy
tean Wind Speed
Total Hours/vear o
Perzent OF Wmd.f’year :
L A
95
i
B4
449
33
1.7

137777
wind 2T
Speed 115 3T
S T
55 [T .
84
73
6.2
52
41

Time [hours]

Figure 9
Option 2:
2.2 Wind Extracting 2D Data over Arabian Gulf for Surfer Format

If user select Option 2 from Fig. 3 Then Fig.10 will display. User should fill the input
information and then submitted by click on Extract to receive output required information.
The procedure like is:
First enter the input data file name from the storage bank by 3 ways as
1- Type data file input name manually as in Fig. 10.

[AL-Salem 2005] 12
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2- Use The Drop down option then select the data name then change the required year
number as in Fig. 10.

3- Click on Directory Files then select the data name by click on the name as in Fig. 10.
User must Enter Output File name as shown in Fig 10
User must Enter Day/Month/Year and Time[hour number in A select day] Information as shown
in Fig 10.
Then after all data entered user must select Extracts.
To Display Then selected 2D wind speed data by Surfer program user must select [Plot into
Surfer ] . Figure 11 will display 2D wind speed at selected hour.

N Extract Wind Field Over the Gulf for Surfer Plot

Extarct Plotinto Surfer  Directory Files  Back Page
Input And Output
Lser Selection aof nput Wind file |.j;\g58;.;95_|,|1 979 bk

Ouiput Wind file |C:\wavehTwWind2.dat

Time For Bxtracting Data

Year Montl Dav Hour

Starting Time |79 = |lJan J|31 ~lE -

Figure 10

B @ — s . 1

e File Edit View Draw Arange Grid Msp Window Help x

DiEEE R (o TeliEoolom®ia) [lEExE] (2]
_I‘\F‘T\‘I‘ﬂ\'l‘\‘ﬂl\'\‘l‘ln\l\l\‘lw‘ll\ \\lz‘\\\l\\\:1||\‘\||4‘|\\l\l\E‘l\l‘\|\E||\\‘llﬂ\\l‘\\\alwlw |||a|\\l‘l\]nlwlw‘l\m\\\ll'
E 31.00
8
3 30.00]
E
3 29.00+ Arabian Gulf
= Wind Speed (m/s)
= 28.00 D_ate 31-Jan-79
E Time 3:00
E 27.00 f A2
5 7ﬁ f o
3 P
A 26.00 :;z:;
3 3
3 25.00- i
e 24.00-
E 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00
2
E Longitude (deg) i

[ »

Nathing Selected 2493in. 6.13in

—

Figure 11
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Option 3
2.3 Extract 2D wind Speed time series for KISR WAM Model as [NW16.dat]

To Simulation the Wind\Wave model [KISR WAM model] user must generate 2D wind speed
input data in model require formatted as [NW16.dat].
Select Option 3 from Fig. 3 then Fig.12 will display. User should fill the input information and
then submitted by click on Extract to receive output required information.
The procedure like is:
First enter the input data file name from the storage bank by 3 ways as
1- Type data file input name manually as in Fig. 12.
2- Use The Drop down option then select the data name then change the required year
number as in Fig. 12.
3- Click on Directory Files then select the data name by click on the name as in Fig. 12.
User must Enter Output File name as shown in Fig 12 default name [NW16.dat]
User must Enter Day/Month/Year and Time[hour number in A select day] Information as shown
in Fig 12. As ( 30 day is a month 365 day is a year).
Then after all data entered user must select Extract.
To Display selected 2D wind speed data user must click on Edit

£ S=Rney X
Back Page

= [Newal.] -

1 EL Heigh
Wind Time Series far Wam Model Input (NW16.dat) | 23] e

. i [ GwaveD -
Extarct Edit Data Directory Files  Back Page P EE T
gbExa5y1 980 bt
gBER35y1 587 tat
Input And Ouiput EEx35,1952 bt

gBB95y1 983 bt
gbExa5y 1984 bt
gBEx35y1 985 tet
gEEx95y1 586, tat
gBB95y1 987t
gBExa5y1 988 tet
gBEx35y1 989 tet
gEE=95y1 530 tat
gBB95y 1997 bt
gBExa5y1 992 bt
gBEx35y1 993 tet
gEER95y1 934, tat
gBB95y1 995, bt
gBEx35y1 996, tat
gBEx35y1 997 tut
gEER95y1 938, tat
gBB95y1999, bt
BB G 2000, bt
gBERaE2007. bt

Lizer Selection of Input Wind file |.j;\g58;.;95_|,|1 920, k=t
Ouiput Wind file |C:\waveiNiw16.dat

Ledle

m

Time For Bxtracting Data

Year Montl Day
Starting Time |E;|:| ﬂlﬁ jl‘l ﬂ
Number OFf Davs |3‘I

gEERI5w 2002, tat
gBESE 2003, bt
BB G 2004, bt
gBERaE2005 bt

Figure 12 g6835,2006. tat

BB G 2007 bt 7

Option 4:
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2.4 Extracting Maximum Wind Speed

C.1.S Interface 2005

To analysis maximum wind speed in 1D\2D data over Arabian Gulf. User has a number of
analysis as a Sub-options as shown in Fig 13.

Wind Data Extract Extract Wind Time Series at a Grid

Wave Output Extract Extract Wind Field Over Gulf for surfer

Surface Sea Water Temerature (c) Extract Wind Time Series for Wam Mode [{(NW16.dat)
Extracting for Specific Location in the Gulf Extarct Maximum Wind Speed
Extract for the All Loaction in the Gulf Extarct Time Series for Wind Speed
Extract Monthly Max. For a Location yseent

Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress N

Boundary Layer Height

Tidal Current and Water Level OQutput Extract
Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools
Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 13

Sub-Option 4
2.4.1 Extract for Specific 1D grid Location in Arabian Gulf

To extract 1D wind speed data at select grid in Arabian Gulf to locate and show the maximum
value and at what wind direction.
From Fig 13 a sup-option will display for user to select.
Figure 14 will display for user to enter require Grid Information as follows:
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Day / Month /Year and Time
e Enter End Day / Month / Year and Time.
Then Select Extract to Start collect the data require as in Fig 14.
In Fig 14 a new Button Will Appear [ Show Max. ]. User should select To display the analysis
result as shown in Fig 15.

[AL-Salem 2005] 15
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B85 Extarct Maximum Wﬁw (10m abaove sea}l‘ - ‘ ‘ |

Extact Open Digital Map Back Page

Maximum Wind Speed in the Arabian Gulf
Save Max. Wind Speed Fils AS:  [C:\wave\Maxsp.dat ~|

Grid Location
Longititude {deg) 483 Range (4740 to 36.80 deg)
Latitude {deg) |29_3 Range (23 80 to 30 .50 deg)

Select Tower Location Press Here

Select Bowy Location Press Here

Time For Extracting Data
Year Monti Day

Starting Time ||32 w|an w1 000

o

Ending Time |D2 L'IE LII31 LI|23:DD

Figure 14

Extact Show Max. Open Digital Map Back Page

Maximum Wind Speed in the Avabian Gulf
Save Max. Wind Speed File AS- II::\Wave\,Ma:-csp_dat LI

Grid Location

Longititude (deg) |48.3 Range (47 40 to 56.80 deg)

Latitude (deg) (293 Range (23,80 to 30 530 deg)

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Exiracting Data
Yoar Mont! Day

Starting Tims IDE e+t +|jo:00
Ending Time

[0z ~JE 3 ~Jfez00

Recorde save in ColWavellMaxsp aaf

Max., Wind Speed is 8.5 mis

W Direction is 3490.3 Deg (From North Colclovise)

Figure 15
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Sub-Option 4
2.4.2 Extract for All 2D grids Location in Arabian Gulf

To extract 2D wind speed data over Arabian Gulf to locate and show the maximum value
From Fig 13 a sup-option will display for user to select.
Figure 16 will display for user to enter require Grid Information as follows:

e Enter output file name where data will extract and stored in.

e Enter Start Day / Month /Year and Time

e Enter End Day / Month / Year and Time.
Then Select Extract to Start collect the data require.
From Fig 16 user should select [ Open Surfed Plot ] to Activate Surfer software Program.
In Surfer program User should generate the grid information and contour result of wind speed.
The analysis result as shown in Fig 17 from Surfer 2D plots.

C.1.S Interface 2005

Back Page

[(3 Extract Max |_'j"-pg". sed ove

Extract Open Surfer Plot  Back Page -
CIEvAP

Maximum Wind Speed in the Avabian Gulf

BBy 1979 bt
gh68x95y 1980 tat

Save Wind Speed in file AS: IEZI\WEVEI\.M axzpgulf. dat oBEka5y1901 ket

68+ 951982 tat

Time For Extracting Data

Year Mont! Day
Starting Time  [12 ~Jflan <[ ~] [0:00
fndmgline (B =BT <] [

Recorde save in ClWavelMaxspgulf daf

Figure 16

6895y 2007 tat

-
=

Latitude (deg)
=N
?
Wind Speed Scale (m/s)

&S O N o @

50 520 530 540 550 360 Figure 17
Longitude (deg)
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Sub-Option 4
2.4.3 Extract for monthly maximum 1D grid Location in Arabian Gulf

C.1.S Interface 2005

To extract 1D wind speed data at select grid in Arabian Gulf to locate and show the monthly
maximum value and at what wind direction.
From Fig 13 a sup-option will display for user to select.
Figure 18 will display for user to enter require Grid Information as follows:
e Enter output file name where data will extract and stored in.
e Check Wind Speed option
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Day / Month /Year and Time
e Enter End Day / Month / Year and Time.
Then Select Extract to Start collect the data require as in Fig 18.

By Extract Wind/Wave Data for Analysis - \ ﬁl
——— - .

Extract Open Digital Map Show Back Page
Wind'Wave Data in the Arabian Gulf

[~ \Wave Height r Applying Wave Height Correction
Factor

v Wind Speed

Save File AS:  |C:\waveSbardat.dat |
Grid Location

Longititude (deg) (4283 Range (47 40 to0 36.80 deg)

Latitude (deg) [29.3 Range {22 80 to 30 50 deg)

Select Tower Location Press Here

Select Bouv Location Press Here

Time For Extracting Data

Year Mawnti Dy

Starting Time Ejl.]an j|1—j|D:EID
Ending Iime 10— <[5 <|=m

Figure 18

[AL-Salem 2005] 18



L&

C.1.S Interface 2005

From Fig. 18 user should Select [ Show ] to display the monthly wind data speed analysis result
as follows as in Fig. 19:
e Monthly Max from time limits selected.

e Bar graph for monthly max.

59 Maonthly Max. for Wind S pi[w!nmlnaOZXﬂfDedm . . . . - - &J
Back Page Dis. M
Januauwry Febuarary  March April May June July August  Ssprember  October Novermber December
547 591 0922 242 817 10.28 919 043 945 811 751 785
34931 32847 302.07 117.81 11945 14281 14174 147.59 14355 17929 13714 12027
F N |
Ear Gra |'I i — L @
bl bu
Back Page
10,28
F
Max.
Wind
Speed
(mig) |14
257 I
Jon dpr. Moy Jun Jul Adug Sep. Oct  Now Dec.
Months
e — . )
Figure 19
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Option 5:
2.5 Long Terms Extracting Time Series 1D Wind Speed

C.1.S Interface 2005

The Long Terms extract 1D wind speed data (10m above sea level) at select grid in Arabian Gulf
For different kind of analysis.
From Fig 13 a sup-option will display for user to select.
Figure 20 will display for user to enter require Grid Information as follows:
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Day / Month /Year and Time
e Enter End Day / Month / Year and Time.
Then Select Extract to Start collect the data require as in Fig 20.

[ Extract Time series for Wind SE.eed for Rose plo‘t‘ e L&J

Extarct Open Digital Map Plot  Wind Rose Plotting  Energy
Convert Angle Axis  Export File  Statistical Analysis  ReCall  Back Page Inp-F

Wind Speed in the Arabian Gulf
Save Mo Wind Speed File AS: |C:\Wave\Hosesp.dat ﬂ

Grid Location

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data
Year Mont! Day

|02_ wfldan [t 000

Ending Time |02 j j|31 ﬂw

Figure 20

A number options for user to select for data reformat and plotting as follows:
e [Plot] To Plot extracted data Fig 21.
e [Convert angle Axis] to convert how wind speed direction to be read and stored Fig 22.
e [Export File] To Setup printing File of the extract data Fig 23.

[AL-Salem 2005] 20
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(&5 cIs Chart v T x|

Scale Print  Close
@SR

12

— Wind Speed (m/s)

o

Wind Speed (m/s)

T T T
o a o

Time(hr)
k. -
K. Al-Salem (2014)
Figure 21
r )
B3 Convert Angle Axis pe—— ﬁ
Run Close
To Convert angle Wind Speed From North to X-axis
counter Clockwise

Seve Covvert angle Wind Spead File AS:

e\ gp-cony. dat ;I

Figure 22

Export Data

; ) Export file
Save in Wave file AS: |[::"||,wa'-.re"-,E:-:|:t-"l|l|lrn|:|_t:l:t ;] L|

Close EDIT

W Hourly Data

Figure 23
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Sub-Option 5
2.5.1 Wind Energy Analysis

C.1.S Interface 2005

Kuwait possesses a potential of renewable energy, such as solar and wind energy. Wind energy
is an alternative clean energy source compared to fossil fuel, which pollute the lower layer of the
atmosphere. Wind speed is the most important parameter in the design and study of wind energy

conversion systems.

To Do this data Extracting and analysis the amount of wind energy at any selected over the
Arabian Gulf and over GCC countries. User must do the following from Fig 20 user must Select
[ Energy ] option then Fig 24 will display to allow user to setup the following parameter for

wind energy calculation at select location which:
e Terrain Roughness L.C.L.
e Air Temperature (c)
e Hub Height (m)
e Wind Direction
e Start Wind speed (m/s)

To update the parameters then select [Reload] to recalculate the amount of wind energy based on

new parameters as shown in Fig 24.

[ Grid Location longitude E 48.3 Latitude N 29.3 Deg Data Time From 1/1/2002 To 31/ 12/ 2002

S5

Scale Reload Engr. Exit

File Save As Terrian Roughness 1. C. L.

Air Temp. Hub Height

Wind Direction  Start Wind §.

|E:\W’ave\Updata.dat j |W'ater Surface

~| |15

~| Jio

e N

12 — Wind Speed (m/s)

o

=)

Wind Speed (m/s)

[= T R - 1

14

Time{hr)

| — Wind Energy (Kw/sg.m.)

Wind Energy (Kw/sq.m.)
£

o
E
[
E
k
13

Time(hr)

Figure 24
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To Display the result analysis user must select [ENG.] from Fig 24 to display new window for
the statistical analyses for the amount of wind energy as shown in Fig 25.

B3 Results Analysis I&

Print Close

C.1.S Interface 2005

FLWwAIT INSTITUTE FOR SCIENTIFIC RESEARCH
Coastal Information system [C15]

Grid Location
longitude E 43.3 deg
Latitude M 23.3 deg

Data Time
Fram 141/ 2002

To 31/12/ 2002

Temain Roughness =
ater Surface |

Data Characternized
Air Temperature [c]= 15
Hub Height [m)= 10
Wind Direction = all
Start "ind Speed [m/s)=0

Analyziz Besults

Total Energy= 4768 22 [Kaw/m2] for Total zelected time
Mean wind Energe= .54 [Kax/m) for Total selected time
kMean Wind Speed= 3.76 [mdz] for Tatal zelected time
Total Hourgdrec.= 8758 hourztotal time Selected] 3753 ]
Perzent OF WindArec.= 100, % of total ime Selected 8758 ]
Total Record = 8758 hr

Figure 25

Sub-Option 5
2.5.2 Wind Speed Rose Plotting

User can display the wind speed rose plot by select [ Wind Rose Plotting ] from Fig 20.

The description of Wind Rose Presentation Go to [Section 11.1 Page 82]
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Sub-Option 5

2.5.3 Wind Speed Statistical Analysis

Numerical Tools for Statistical and Theoretical Analysis of 2-D Wind Speed Data [Al-Salem
2016].

Effective utilization of wind energy entails a detailed knowledge of the wind characteristics
at a particular location. The distribution of wind speeds is important for the design of wind farms
and power generators. It is not an easy task to choose a site where wind energy conversion
systems may be installed, because several factors have to be taken into account. The most
important factors are the wind speed and the energy of the wind. However, wind energy is
among the potential alternatives of renewable clean energy sources which could contaminate the
lower layers of the troposphere, because of its cleanness.

C.1.S Interface 2005

Probability Density Distribution of Wind Speed Tool.

The wind speed probability density distributions and the functions representing them
mathematically are the main tools used in the wind-related literature.

The probability density function of the Weibull distribution is given by

k-1 k

=) B ()
The corresponding cumulative probability function of the Weibull distribution is given as
F(v) =1— Exp[— G)k] @3)
The probability density function for the Rayleigh distribution can be simplified as
fo@) = ZExp— (%)) @

Wind Power Density Tool.

It is worth nothing two important things about this expression; one is that, the power is
proportional to the cube of the wind speed. The other is that, by dividing power by the area, there
is an expression on the right that is independent of the size of a wind turbine's rotor. In other

words, PT”} only depends on the following:

e Density of the air

e Wind speed.
WPD is a calculation of the effective power of the wind at a particular location. A map showing
the distribution of WPD is a first step in identifying possible locations for wind turbines. It is
well-known that the power of the wind that flows at speed v through a blade sweep area A
increases as the cube of its velocity which can be expressed as the following

P(v) = ipf—lﬁg (5)

[AL-Salem 2005] 24
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Monthly or annual WPD per unit area of a site based on a Weibull probability density function
can be expressed as follows:

P, =%pc3[1+%] (6)
Setting k equal to 2, the power density for the Rayleigh density function is found to be as
follows:

Pr ==pvy, ™
The probability density distributions have been derived from the time-series data at CIS
database. Also, the two probability density functions have been developed for a monthly or
yearly basis. The wind energy potential at any location can be studied based on the Weibull and

the Rayleigh models.
The power densities calculated from the CIS wind database for monthly or yearly distributions

display.
From Fig 20 user must Select [Statistical Analysis]. Then Figure 26 will display.

B2 A STATISTICAL AMALYSIS OF WIND SPEED DATA ﬁ
Edit Back

Weibull and Rayleigh Distributions for Wind Speed Data

Generate Probability Density Functions:
WEHeight -Awxis

C:\Wave'\Tablel.dat j | IT IW

RayLeigh Shape Parameter K=2 as Yes Or k=Calc 1ES ~
Find Monthty W P.D. For Weibull and RayLeigh Distrib  [NO -

Trpe Of Graphics Analysis

Number Of Years: 1
Plot File Name | C:\Wave'Plt.dat j
Year no. / hMonth no. / All | Tear j | 1

Mean Wind Speed Show
Wind Speed Frequency Distribution Show

Weibull Probability Density Distribution Show
Cumulative Probability of Weilbull Distribution ¢

Rayleigh Probability Density Distribution Show

Wind Power Density Distribution Show
Rose

Al Salem (2016)

Figure 26
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following selection:

C.L.S Interface 2005
User must to recalculate by select [Generate Probability Density Function ] to display the type
of graphics analysis to let user to select any the analyzed parameters list as in Fig 26 for

e Option of display Yearly / Months No / All analysis

e Mean Wind Speed as shown in [Fig 27, 28 and 29 for Year/Month/All option]
e Wind Speed Frequency Distribution [Figs 30 for All Option]

e Weibull Probability Density Distribution [Figs. 31,32 for All/Year option]

e Cumulative Probability of Weibull Density Distribution [Figs 33,34 for All/Year option]
e Rayleigh Probability Density Distribution [Figs 35,36 for All/Year option]

e Wind Power Density Distribution [Fig 37,38 for All/Year option]
Rose Option Plot [The description of Wind Rose Presentation Go to [Section 11.1 Page 82]

Figure 27

Figure 28

Figure 29

5 Wind Speed Statistical -
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Scale  Close

Average Wind Speed for:January

— Mean Wind Speed (mis)

o

Mean Wind Spead (m/s)
S

2000
2001
2002
2003
2004
2005

Years

K. Al-Salem (2014)

B3 Wind Speed Statistical -

Scale Close
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_ S
? AMwindFreq.txt - Notepad . =R

File Edit Format View Help
Coastal Information System (CIS) -

Grid Location:
Longitude: XXXX deg
Latitude: XxXX deg
Starting Date: 1/ 1/ 2000
Ending DATE : 31/ 12/ 2005

Frequency Distribution for wWind Speed Data
wind speed Class (m/s)
No/Sp 0.0-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-7.0 7.0-8.0 8.0-9.0 9.0-10. 10 -11 11.-12. 12.-13. -.= 13.

Jan 00.0309 00.1022 00.1673 00.2366 00.1626 00.1284 00.0840 00.0504 00.0235 00.0101 00.0034 00.0007 00.0000 00.0000
Feb 00.0250 00.0699 00.1500 00.2544 00.1662 00.1294 00.0963 00.0529 00.0287 00.0125 00.0088 00.0051 00.0007 00.0000
Mar 00.0222 00.0585 00.1532 00.2480 00.1613 00.1324 00.1102 00.0625 00.0228 00.0155 00.0094 00.0034 00.0007 00.0000
Apr 00.0250 00.0819 00.1792 00.1917 00.1451 00.1486 00.0847 00.0618 00.0472 00.0215 00.0090 00.0042 00.0000 00.0000
May 00.0235 00.0759 00.1593 00.2238 00.1781 00.1075 00.1062 00.0551 00.0329 00.0276 00.0081 00.0020 00.0000 00.0000
Jun 00.0118 00.0479 00.0840 00.1194 00.1125 00.1306 00.1361 00.1236 00.1097 00.0535 00.0438 00.0229 00.0035 00.0007
Jul 00.0134 00.0605 00.1304 00.1546 00.1492 00.1485 00.1304 00.0880 00.0645 00.0356 00.0175 00.0067 00.0007 00.0000
Aug 00.0101 00.0645 00.1129 00.1949 00.1714 00.1647 00.0981 00.0773 00.0598 00.0242 00.0134 00.0081 00.0007 00.0000
Sep 00.0299 00.0799 00.1708 00.1875 00.1569 00.1368 00.0889 00.0694 00.0424 00.0236 00.0097 00.0014 00.0028 00.0000
oct 00.0249 00.0860 00.1929 00.2849 00.1492 00.1062 00.0746 00.0437 00.0269 00.0081 00.0027 00.0000 00.0000 00.0000
Nov 00.0250 00.0750 00.1722 00.2549 00.1583 00.1299 00.0958 00.0514 00.0278 00.0076 00.0014 00.0007 00.0000 00.0000
Dec 00.0242 00.0726 00.1720 00.2392 00.1774 00.1250 00.0941 00.0538 00.0262 00.0101 00.0027 00.0027 00.0000 00.0000

Year 00.0222 00.0729 00.1537 00.2158 00.1574 00.1323 00.1000 00.0658 00.0427 00.0208 00.0108 00.0048 00.0008 00.0001
CUMUL 00.0222 00.0950 00.2487 00.4646 00.6219 00.7542 00.8542 00.9200 00.9627 00.9836 00.9944 00.9992 00.9999 01.0000

< | n »

Ln5, Col 37
Figure 30
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Figure 32
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3. Significant Wave Height 1D/2D Database and Analysis

C.1.S Interface 2005

Digital Oceanographic Gulf Data for (Arabian Gulf). (Extracting Wave data records). Sulisz and
Al-Salem K. et al. (2000) used a third-generation wind driven wave model WAM (WAMDI
Group, 1988) to model the wind waves in the Arabian Gulf with emphasis on Kuwait’s territorial
waters. The model covered the entire Arabian Gulf from (longitude 47.4, Latitude 23.8 deg) till
(longitude 56.8, Latitude 30.5 deg.) with grid spacing of (0.1 deg). Data record covered from
1979 to 2018 which about 40 years. User must select this option From Fig.39.
Figure 39 display to user a number of sub-option as follows:

e Monthly Significant Wave Height 1D\2D Extract

e Time Series Significant Wave height 1D Extract

e Maximum Significant Wave Height in Arabian Gulf

Wind Data Extract
Wave Output Extract

Surface Sea Water Temerature (c)

Monthly Wave Extract
Time Series Wave Extract
Air Temerature (c) At 2m Above Sea Level Maximum Significant Wave Height in the Arabian Gulf
Evaporation Over the Arabian Gulf AT TSN i
Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Output Extract

Rose Ploting

W NS AW N NE S W NG

Long Term Prediction

Digital Elevation and Topography Map
1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database
Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 39
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Sub-Option 1:
3.1 Monthly Significant Wave Height 1D\2D Extract

C.1.S Interface 2005

If user select extract wave height data by selecting [Monthly wave Extract] from Fig 39. A sub-
option will display to user as shown in Fig 40 to select from which
i.  Extract Wave, Direction and Period at Grid
ii.  Extract Wave Field over Gulf for Surfer
iii.  Store Wave, Direction and Pried [OFF not activate]

 Digital Atlas For
START | CILS. Exit
Wind Data Extract »
Extarct Wave, Direction and Preiod at Grid Monthly Wave Extract »
Extract Wave Field Over Gulf for surfer Time Series Wave Extract
Store Wave, Direction and Preiod Maximum Significant Wave Height in the Arabian Gulf 4
Evaporation Over the Arabian Gulf

7,

Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Output Extract
Rose Ploting

v v v v v v v v

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools
Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 40

If Option [Extract Wave, Direction and Period at Grid] selected from Fig 40. User must Select
To extract Significant wave data at select grid in Arabian Gulf as shown in Fig 40. Fig 41 will
display for user To enter require Grid Information as follows
« Enter WAM model output file name where data will extract from as input File. This
can be done in 2 ways as follow:
o Manual Enter File name with correct Path
o By select [Directory files] new directory window will open to select the file.
« Enter Output file name where extracted data will store in.
 Variable selection to be Extract
 Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
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 Enter Select Day / Month /Year
Data will extract for all one month hourly records.
Then Select Extract to Start collect the data require. As shown Fig. 41.
To display the Extracted data is by
o [Plot] to diplat data in 1D plot image as shown in Fig 42.
o [Plot Into Surfer] to generate output extracted records if surfer program format.
o [Export] To setup printable extract data file. If user selected this option a file name will

appear at bottom of Fig 41.
[ Wave Height from WamMedel Bmacﬁm " [

Extract Show digital Gulf Map  Plot  Plot Into Surfer  Directory Files
Back page Export

Input And Output
User Saleci Quiput Wave file |D:\W,&MDL|T'\A|3[|:|2_DLIT

Save in Wave file 45: |E:\Wavekspwave.bln

Varible Selection io Extarci |Wave Height

v Applying Wave Height
Caorrection Factor

Grid Location
Longititude fdeg) (453 Range (47,40 10 36.50 deg)
Latitude (deg) (293 Range (23 80 1o 3030 deg)

Select Tower Location Press Here
Select Bouv Location Press Here

Time For Extracting Data
Yaar Mam‘ﬁ Day

Starting Time |02 K1 W
Figure 41

r
By €IS Chart
Scale Print  Close

@mm

— Wave Height (m)

L, gr Lty

- f 3 : :E = R ¥ EE E F T E F :Z 5 T E S T :EzETEEREEE:EEcoao3

Wave Height (m)

Time(hr)

K. Al-Salem (2014)

Figure 42
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Extract Wave Field over Gulf for Surfer
If Option [Extract Wave Field over Gulf for Surfer] selected from Fig 40. User must select To
extract Significant wave field data over Arabian Gulf as shown in Fig 40. Fig 43 will display for
user to enter require Grid Information as follows
» Enter WAM model output file name where data will extract from as input File. This
can be done in 2 ways as follow:
o Manual Enter File name with correct Path
o By select [Directory files] new directory window will open to select the file.
 Enter Output file name where extracted data will store in.
+ Variable selection to be Extract
 Enter Select Day / Month /Year and must select the hour number in day

C.1.S Interface 2005

Then Select [Extract ] to Start collect the data require. As shown Fig. 43.
To display the Extracted data is by
o [Plot Into Surfer] to generate output extracted records if surfer program format as shown
in Fig 44 and 45.

==

Extract PlotInto Surfer Directory Files Back Page

Input And Output
Lser Selection of input Wave fils |.;|; YwwarnoutiApr D2 00U T

Ouipui Wave file |E:"~Wave"-.sfwave.dat

Farible Selection fo Extarci

Ll dled

v Applying Wave Height
Correction Factor

Time For Extracting Data
Starting Time Year Mom## Day Hour

@~ b | -

Figure 43
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Sub-Option 2:
3.2 Time Series Significant Wave height 1D Extract

To extract 1D Significant wave height data at select grid in Arabian Gulf waters as Fig 39.
From Fig 39 a sup-option will display for user to select.
Figure 46 will display for user to enter require Grid Information as follows:
e Enter output file name where data will extract and stored in.
e Variable Selection to Extract
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Day / Month /Year and Time:0.00hr
e Enter End Day / Month / Year and Time:23.00hr
Then Select Extract to Start collect the data require as in Fig 46.
In this section a number numerical models for Wave Data Analysis and presentation were setup
for user to select as follows:
I. [Plot] to Plot wave data as 1D plot [ aS shown in Figure 47
Il.  [Plot Wave Rose] [Description Wave Rose Presentation Go to [Section 11.2 Page 85]
I1l.  [Wave Scatter Diagram]. Display 3D wave statistical analysis as in diagram and table.
IV. [Wave Energy/Power]. Display analysis of optional energy and power from wave data.
V. [Statistical Analysis]

VI. [EXpO rt Fi Ie] to generate [ B9 Extract Wave Height, Direction and Pericd in (Time Series) ‘ Mw
formatted prlntable Output Extract Show digital Gulf Map Plot Plot Wave ROSE  Wave Scatter Diagram
f||e || Statistical Analysis Wave Enegry/Power ExportFile Back Page Inp-File

Input And Output

Save in Wave file AS: |E:\Wa\re\TSwa\re.bln -
Varibie Selection to Extarct |Wa'v'e Height -

[ Applying Wave Height Correction Factor

Grid Location
Longititude {deg) [48.3 Range (4740 to 56.50 deg)

at dzzl |293 Range (23 .80 to 30 .30 degi

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data

Year Mont! Dav

EvJanv‘le

0z «

A - [zx00

Figure 46
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Figure 47

A Statistical and Theoretical Analysis of 2-D Waves Data Tools

3.2.1 Wave Scatter Diagram Analysis model

Scatter Diagram Analysis for 2-D Wave Height [Developed by Al-Salem 2005]. Scatter
diagrams are used to demonstrate correlation between two quantitative variables; where often,
this correlation is linear. Scatter diagrams are summarizing the wave climate and are typically
representing the joint probability of wave height and wave period combinations during the time
period they are encompassing. Typical time periods are annual or seasonal. For marine energy
applications, scatter diagrams provide the distribution of Hs, Tr, recommended as shown in Fig.
49. Alternatively, Tp, T02, or Tz can be used instead of Te. They are presented in tabular form
and are specific to the site where they have been established. Each bin of the table displays the
cumulative occurrences of the Hs, Te pairs. Hs (wave height) bins are defined in 0.4-m intervals,
ranging from 0 to 4.4 m. Hs values are representing the center of the bins and take values of 0.2,
0.6...4.2. Tr (wave period) bins are defined in 0.8-s intervals, ranging from 0 to 8.8 s. Tr values
are representing the center of the bins and take values 0f 0.4, 1.2., 2.0, ..., 8.4 as shown in Fig

48.

From Fig 46 user must Select [Wave Scatter Diagram] to start the program analysis.
Figure 48; Display scale input adjustment for the data analysis then select [Hs Scatter Digram ]
Figure 49; Display Wave scatter table for joint probability of significant wave height and wave

Period (source: Al-Salem, 2008).

[AL-Salem 2005]
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Figure 50,51 display Two types of 3-D wave height scatter diagram for significant wave height,
wave Period, and present of occurrences (Hs,Tr, %) (source: Al-Salem, 2008).

F -

[ Wave Scatter analysis

|| Hs Scatter Digram Table  Close

Wave Scatter Diagram for Arabian Gulf
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Figure 48_
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Figure 49
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Figure 50

Figure 51
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3.2.2. Wave Energy\Power Analysis

C.1.S Interface 2005

Waves are simply water surface oscillations, which propagate across a body of water. They are

an everyday phenomenon, easily produced by a stone thrown into a pond. Though in nature

waves can take on very different forms, they will all have the same basic properties. These are:
o Wavelength: Distance from one crest to the next

Peak or Crest: The highest point of a wave

Trough: The lowest point of a wave

Height: Difference between trough and crest

Period : Time taken for one wave to pass a fixed point

Frequency : Number of waves per second that pass a fixed point

Velocity : Speed with which the waves are moving past a fixed point

Steepness: The ratio of height to width

Wave Length

Steepness

Ratio of height
to width)

Figure 52

Wave Power Formula [base on standard]

Wave power is the energy carried by the wind waves and consumption of that energy to do
useful work, for example, electricity generation, pumping of water into the reservoirs or water
desalination. A machine capable of exploiting wave power is known as wave energy converter.
Wave power is different from diurnal flux of tidal power and steady gyre of ocean currents. On a
whole, the wave power is the energy transport by the wave surface of the ocean.

The Wave power formula is given by,

pg*Th?l
327

P =

Where,

P = power of water wave present in depth (Watts),
p = water density (1.025 kg/m3),

g = acceleration due to gravity (9.81 m/s2),

T = wave period,

h = wave height,

| = length of wave front.
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Wave Power Formula [Based on Significant wave height]

In general, larger waves are more powerful but wave power is also determined by wave speed,
wavelength, and water density. How powerful a wave is is determined by the ‘Wave Power
Formula’. In this case, the ‘power’ does not refer to the power that would be produced by a wave
power machine, rather it means the ‘wave energy flux’, or the transport rate of wave energy. In
deep water where the water depth is larger than half the wavelength, the wave power is found
using the following equation:

2 kW
p= g 7~ (0.5 ) HZ, T,

C.1.S Interface 2005

64 m? - s
Where P is the wave energy flux per unit of wave-crest length, HmO the significant wave height,
T the wave period, p the water density and g the acceleration by gravity. The above formula also
says that wave power is proportional to the wave period and to the square of the wave height. If
the significant wave height is given in meters, and the wave period in seconds wave power has
units of kilowatts (kW) per meter of wave front length.

Wave energy
In average ocean conditions, the average energy density per unit area of sea surface waves is
proportional to the wave height squared, shown in the following equation:

1 2
E = EngmOa

where E is the mean wave energy density per unit horizontal area (J/m2), the sum of kinetic and
potential energy density per unit horizontal area. The potential energy density is equal to the
kinetic energy, both contributing half to the wave energy density E.
Waves in Shallow and Deep Water
Ocean waves behave differently depending on the depth of the water they have formed in.
‘Deep’ water is generally considered to be when the water has a depth larger than half a
wavelength, which is usually the case in the open ocean. In deep water:

o Velocity of wave through water determined by wavelength

e Longer waves move faster

e Typical speed=28 mph
In shallow water:

o Velocity of wave determined by water depth

e Speed (m/sec) = 3.1 x square root (depth)

e When a deep water wave moves into shallow water it slows down

o If wave=28 mph in deep water, in 1 meter deep water speed is 7 mph
More uniform ‘Deep’ water waves offers the opportunity for the development of technology that
will not get damaged as heavily as near-shore machines.

To Analysis wave energy from Extract Wave data User must Select from Fig. 46 [ Wave
Energy\Power].

Then Figure 53 will display for user to select [ Year/Month/All Option] analysis parameters from
Dropdown list. Then [Show] To Display the analysis Wave Energy\Power Graph as shown in
Figs 54 and 55.

[Scale option] Let user to reform the Graph Color Typ
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Figure 53

Figure 54

Figure 55

C.1.S Interface 2005
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3.2.3 Statistical Analysis and Wave Height Spectrum model

C.1.S Interface 2005

Model Forms for Wave Spectra. The concept of a wave spectrum is commonly used for
modeling the sea state. Models of the spectrum enable the spectrum to be expressed as some
functional form, usually in terms of frequency, frequency and direction, or alternatively in terms
of the wave number as the wave number and frequency are related by the dispersion, the
frequency and wavenumber forms can be transformed from one to the other.

Models of the spectrum are used to obtain an estimate of the entire wave spectrum from known
values of a limited number of parameters such as the significant wave height and wave period.
These may be obtained by hindcast calculations, direct measurement, or visual observation. To
give an idea of the various factors which need to be taken into account, a few models are given
as examples and controlled by CIS analysis tools as shown in Fig 56. In all cases, S is used to
represent the variance density spectrum.

Pierson-Moskowitz Spectrum Distribution. The Pierson-Moskowitz spectrum (Pierson and
Moskowitz, 1964) is often used as a model spectrum for a fully developed sea, an idealized
equilibrium state reached when duration and fetch are unlimited. The mathematical forms of

S*(w) are in terms of the significant wave height, Huz. (Hus={ m), w Frequency, g=9.82 % .
Fetch limitations are displayed in the formulation as follows:

+ _81g «
STw)=_55e (8)
Where:
oc= —D.DEE(;ZJE
¢ Significant wave height (Hs/3) in meter

S*(w) Spectral Density (&)

w Angular frequency (rad/sec)

Bretschneider Spectrum Distribution. The ISSC spectrum (also known as Bretschneider or
modified Pierson-Moskowitz) is defined as:
+ _ 125Wih ;2 a
STw)==——70 ©)
Where:
a = —1.25(2)
W

¢ Significant wave height (m) (H=) = 4M,
W,, Peak frequency: r—"

'1'"1,:I Peak period of the spectrum (sec)
The peak period of the spectrum T, corresponds to the frequency at the mode of the spectral density, the
peak frequencywy:

T _zn

2 _‘-'If'p
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JONSWAP Spectrum Distribution. The JONSWAP spectrum extends the Pierson-Moskowitz
spectrum to including fetch-limited seas. This spectrum is based on an extensive wave
measurement program (Joint North Sea Wave Project) carried out in 1968 and 1969 in the North
Sea. The JONSWAP (1973) spectrum, received almost instant recognition and became very
well-known in international literature. The resulting spectral model is taken as the following
form (Hasselmann et al.,1973):

00 =2 Fo (3)(2) o
STw)=—ZSExp({—;)|>) W (10)
Where frequency at peak values of wave period
2m
Wp = ?
= z
a— 5.061H; B
Td-
Where

¥ = 3.3 Peak enhancement parameter that describes the degree of peakedness
of the spectrum.

S*(w) JONSWAP spectral density in (zes+)

B =[1-0.287Ln(y)] (11)
G~
k = Exp(—0.5 ‘; ]2
Where:

w  Angular frequency (rad/s)

T Wave Period (s)

H_ Significant wave height (m)

=007 W=MWp o =009 W = Wp

From Fig 46 user must Select [Statistical Analysis]. Then Figure 56 will display.

User must to recalculate by select [Generate Probability Density Function ] to display the type
of graphics analysis to let user to select any the analyzed parameters list as in Fig XX for
following selection:
I.  Mean Significant Wave Height analysis

[l.  Mean Signifcant wave Periods

I, JONSWAP distribution spectrum

IV.  Bretschneider distribution spectrum

V.  Pierson-Moskowitz distribution spectrum

Figure 57 and 58 display Monthly and Yearly average significant wave height and wave period.
Figure 59 shows three types of wave energy spectral diagrams for (monthly and yearly) analysis)
by applying Pierson-Moskowitz spectrum equation as shown in equation (8).

Figure 60 presents three types of wave energy spectral diagrams for (monthly and yearly)
analysis) by applying Bretschneider spectrum equation as shown in equation (9).

Figure 61 shows three types of wave energy spectral diagrams for (monthly and yearly analysis)
by applying JONSWAP spectrum equation as shown in equation (16) (Hasselmann et al. 1973).
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Figure 56

Figure 57

Figure 58

C.1.S Interface 2005

B A STATISTICAL ANALYSIS OF WAVE HEIGHT DATA [E=HEE %

Edit Back
Estimation Of Wave Spectra From Wave Height and Period

Generate Spectrum Distribution

C:\Wave\Table2.dat | |

I Jonswap Spectral Peak Enhancement Function | 13
Total x-axis fequency with interval of 0.01 | 300

Resize X-Axis Increment I 001 Start Tick I 1

Type Of Graphics Analysis
Number Of Years: 16
Plot File Name I C:\Wawve\Plt dat j

Year no. / Month no. / All P Ionth IS I [

All
Mean Significant Wave Height({m) Show |

Month

Mean Sipnificant Wave Period(sec) Show |

JONSWAP Spectrum Distribution Show |
Pierson-Moskowitz Spectrum Distribution Show |

Bertschnider Spectrum Distribution Show |

& wn s s D

=

Scale Close

Monthly Average Significant Wave Height for: 2000

— Mean Siginficant Wave Height(m)

Mean Siginficant Wave Height(m)

= = = = w pa pa o
| ] = = 2 5
§ a 2 z 3 2 ]
- & 3 2 @
a = o
Manths
K. Al-Salam (2014)
L ——
[ Wind Speed Statistical - - — — %
Scale Close
Monthly Average Significant \Wave Period for: 2000
—— Mean Siginficant Wave Period(sec)
-ﬂa}-31
E]
Z 30
2
& 29
2
5 28
=
E 27
H
&
£ 25
=
225
H
3
=24
= = 1y - T pa T M
2 g g £
] 5 < z 8 z g
b kA S 3 T
2 -4 o

Manths

K. AlSalem (2014)
L

[AL-Salem 2005]

44



& Spectrum Distribution -' e e ————

Scale Close

C.1.S Interface 2005

JONSWAP Wave Spectrum Distribution FOR: 2015

— January — Feburary -~ March — April — May - June

— July

—— August

— September

— October

T — November — December

-
w

Angular Frequency w

0
1.01
2.014
3.01
4.014
6.01 4

7.01 4

8.01

9.01

K. Al-Salem (2014)

=
B3 Spectrum Distribution -! e ————— -
Scale Close
JONSWAP Wave Spectrum Distribution FOR: January
— Year: 1979 — Year: 1980 -~ Year: 1981 — Year: 1982 — Year: 1983 — Year: 1984 — Year: 1985 — Year: 1986
_O0ST—vear 1987 —Year: 1988 — Year: 1989 — Year: 1990 Year: 1991 Year: 1992 Year: 1993 — Year: 199%
o — Year: 1995 — Year: 1996 ~ Year: 1997 — Year: 1998 —— Year: 1999 — Year: 2000 — Year: 2001 — Year: 2002
g J — Year: 2003 — Year: 2005 — Year: 2006 — Year: 2007 — Year: 2008 — Year: 2009 — Year: 2010
® — Year: 2011 — Year: 2013 — Year: 2014 — Year: 2015
b
E
2
@
c
@
o
B
k=l
@
o
7]
5 ] 3 3 5 2]
< " © ~ @ =
Angular Frequency w
. S
K. Al-Salem (2014)
= = -
R Spectim DETbU -' e ———— - T L _1 =
Scale Close
JONSWAP Wave Spectrum Distribution
— Year: 1979 — Year: 1980 -~ Year: 1981 — Year: 1982 ~— Year: 1983 —— Year: 1984 — Year: 1985 — Year: 1986
_ 00 T—vear 1987 —Vear: 1988 — Vear: 1989 — Year: 1990 Year: 1997 Year: 1992 Year: 1993 — Year: 1993
2 ooa0d — Year: 1995 — Year: 1996 — Year: 1997 — Year: 1998 — Year: 1999 — Year: 2000 — Year: 2001 — Year: 2002
g & — Year: 2003 — Year: 2004 — Year: 2005 — Year: 2006 — Year: 2007 — Year: 2008 — Year: 2009 — Year: 2010
£ gag{ — Year: 2011 —Ye§ ‘\. 2012 — Year: 2013 — Year: 2014 — Year: 2015
ol
<
£ 0020
=
@ 00154
a
— 0.010
I
o 0005
Q.
w
0.000 T 7 " T T T T |
3 3 5 5 =3 ) 3 5
o L - w o ~ -] o
Angular Frequency w (rad/sec)
J
K. Al-Salem (2014)

Figure 59

[AL-Salem 2005]

45



C.1.S Interface 2005

B9 Spectrum Distribution -! e ———— - T L 1 (o] B [t

Scale Close

Bertschnider Wave Spectrum Distribution FOR: 2015

— January  —Feburary —March  —April —May —June —July — August — September = — October
0020 ;—November — — December

0.015

0.010

0.005

Spectral Density (m"2/rad/sec)

0.000 . ; . . . . "
=} =1 =Y =1 =) =) =}
=1 - o © ~ ) @
Angular Frequency w
p. > -

K. Al-Salem (2014)

[ spectrum Distribution -! e ———— - ] l 1 [@@u

Scale Close

Bertschnider Wave Spectrum Distribution FOR: January

— Year: 1979 — Year: 1980 ~—— Year: 1981 — Year: 1982 — Year: 1983 — Year: 1984 — Year: 1985 — Year: 1986
002 T—Year 1987 — Year: 1988 — Year: 198 — Year: 990 Year: 1991 Year: 1992 Year: 1993 — Year: 1997 |

— Year: 1995 — Year: 1996 ~ Year: 1997 — Year: 1998 — Year: 1999 — Year: 2000 — Year: 2001 — Year: 2002
0.020] — Year: 2003 — Year: 2004 — Year: 2005 — Year: 2006 — Year: 2007 — Year: 2008 — Year: 2009 — Year: 2010

—Year: 2011 X — Year: 2013 — Year: 2014 —Year: 2015

T
2
23
=]
&
£
o
Eoos
z
3
€ oo10
o |
B
£ ooos
3
2,
w
0.000] . . . : ; ||
s 5 5 5 5 s
3 - b = = o

Angular Frequency w

7/ |
K. Al-Salem (2014)

[ Spectrum Distribution l—! e ——— - - k 1 (=] B i)

Scale Close
Bertschnider Wave Spectrum Distribution
— Year: 1979 — Year: 1980 -~ Year: 1981 — Year: 1982 — Year: 1983 — Year: 1984 — Year: 1985 — Year: 1986

_ 008 T—vear 1987 — Year: 1988 — Vear: 1989 — Vear: 1990 Year: 1991 Year: 1992 Year: 1993 — Year: 1997 |

% 0014 — Year: 1995 — Year: 1996 —— Year: 1997 — Year: 1998 — Year: 1999 — Year: 2000 — Year: 2001 — Year: 2002
g — Year: 2003 g — Year: 2005 — Year: 2006 — Year: 2007 — Year: 2008 — Year: 2009 — Year: 2010
8 00124 —Year: 2011 gars 2 —Year: 2013 —Year: 2014 — Year: 2015

S /

:E/ 0.010

2 0008

@

5 0006

[=]

T 0.004

o

2 0.002

]

0.000 T T r T 7 " T T T "
S =Y =} ) =) =) =y =y =} 5
= - B @ = " © ~ @ =
Angular Frequency w (rad/sec)

| /|
K. Al-Salem (2014)

Figure 60

[AL-Salem 2005] 46



C.1.S Interface 2005

f B3 Spectrum Distribution -' S —— - ) l _“ =
Scale Close
Pierson-Moskowitz \Wave Spectrum Distribution FOR: 2015
— January — Feburary -~ March — April — May - June — July — August — September —— October

= 0025 — November —— December

g

= 0020

I

g

E o015

2>

B

< 0010

(=]

=

£ 0005

LY

=N

w

0.000 / - - - - - - - - \‘
S =Y S =Y =1 =1 =Y S =1 =1
o -~ o~ ™ -t w w ~ -] o
Angular Frequency w

. J
K. Al-Salem (2014)

(1 =
By Spectrum Distribution ‘—' . ————— - i L 1

Scale Close
Pierson-Moskowitz WWave Spectrum Distribution FOR: January
— Year: 1979 — Year: 1980 -~ Year: 1981 — Year: 1982 — Year: 1983 —— Year: 1984 — Year: 1985 — Year: 1986
= 0030 —vear- 1987 — Year: 1988 — Year; 1989 —— Year: 1990 Year: 1997 Year: 1992 Year: 1993 — vear: 1994 |
° — Year: 1995 — Year: 1996 — Year: 1997 — Year: 1998 — Year: 1999 — Year: 2000 — Year: 2001 — Year: 2002
£ 00251 — Year: 2003 ear:2004  —Year:2005 —Year:2006 —Year:2007 —Year:2008 —Year:2009  — Year: 2010
© —Year: 2011 ear: 2012 —Year: 2013 — Year: 2014 —Year: 2015
& 0020
E
Z0015
[Z]
5
o 0010
=
§ 0.005
7]
0,000 - - " T T T \‘
=} =} =} ) =} S =}
o -t w w ~ =] o
Angular Frequency w
. 7
K. Al-Salem (2014)
= =
[ Spectrum Distribution I 1 ———— - ] ‘ 1 o[ &
Scale Close
Pierson-Moskowitz WWave Spectrum Distribution
— Year: 1979 — Year: 1980 -~ Year: 1981 — Year: 1982 — Year: 1983 — Year: 1984 — Year: 1985 — Year: 1986
_ 00T —vear 1987 ——Year: 1988 — Year: 1989 — Year: 1990 Year: 1997 Year: 1992 Year: 1993 — Year: 993 |
o — Year: 1995 — Year: 1996 ~ Year: 1997 — Year: 1998 — Year: 1999 — Year: 2000 — Year: 2001 — Year: 2002
£ 0.0204 — Year: 2003 Zoxear: 2004 — Year: 2005 — Year: 2006 — Year: 2007 — Year: 2008 — Year: 2009 — Year: 2010
i — Year: 2011 o Year: — Year: 2013 — Year: 2014 — Year: 2015
ol
£ 00151
‘2\
@
< 0010
(=]
B
£ 0005
LY
Qo
7]
0.000 - . T - r T r |
b=} =y =} =y =y =} =y =y
= - < 7 © ~ @ =
Angular Frequency w (rad/sec)
. >

K. Al-Salem (2014)

Figure 61

[AL-Salem 2005] 47



1.

Sub-Option 3:
3.3 Maximum Significant Wave Height in Arabian Gulf

C.1.S Interface 2005

To analysis maximum wave height in 1D\2D data over Arabian Gulf. User has a number of
analysis as a Sub-options as shown in Fig 62. A List of option as
I.  Extract for Specific 1D grid Location in Arabian Gulf
Il.  Extract for All 2D grids Location in Arabian Gulf
1. Extract for monthly maximum 1D grid Location in Arabian Gulf

START | CLS. Exit
Wind Data Extract a2
Wave Output Extract Monthly Wave Extract

Surface Sea Water Temerature (c) Time Series Wave Extract

Extracting for Specific Location in the Gulf Maximum Significant Wave Height in the Arabian Gulf

-

Extract for the All Loaction in the Gulf

Extract Monthly Max for A Location
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress

Boundary Layer Height

Tidal Current and Water Level Output Extract
Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools
Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 62
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3.3.1 Extract for Specific 1D grid Location in Arabian Gulf

C.1.S Interface 2005

To extract 1D wave height data at select grid in Arabian Gulf to locate and show the maximum
value and at what wave direction.
From Fig 62 a sup-option will display for user to select.
Figure 63 will display for user to enter require Grid Information as follows:
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Day / Month /Year and Time
e Enter End Day / Month / Year and Time.
Then Select Extract to Start collect the data require as in Fig 63.
In Fig 63 a new Button Will Appear [ Click. ]. User should select To display the analysis result
as shown in Fig 64

5 E:ctra:t_l-."laxim.um Sgnificant Wave Hejlz_;ht ﬁ
Extract Open Digital Gulf Map Back Page
Meaxcimum Significant Wave Height in the Avabian Gulf
Save Significant Wave file AS: |C:\Wave’xHSwave.dat ﬂ
Save Wave Period file AS- |C:'\Wave\HSwaveP.dat ﬂ

Applying Wave Height Correction
v
Factor

Grid Location
Longititude (deg) (482 Range (47 40 o 56 50 deg)
Latitude fdeg) [29.3 Range (23 .80 ¢o 30.50 deg)

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data
Year Montl Dav

Starting Time |00 = |llan ~|1 |00
Ending Time |DEI j|31 jlﬁ

Chek on C:lWavelHSwave daf

Figure 63
IUU ﬂl ﬂIJI ﬂ|£JZUU

Cilick on C1WavelHSwave. daf

Mex., Sonificant Wave Height = 1,506 meter
Figure 64 Corresponding Wave Period = 3.1 sec.

|
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3.3.2 Extract for All 2D grids Location in Arabian Gulf

C.1.S Interface 2005

To extract 2D Wave Height data over Arabian Gulf to locate and show the maximum value
From Fig 62 a sup-option will display for user to select.

Figure 65 will display for user to enter require Grid Information as follows:
e Enter output file name where data will extract wave height and stored in.

Enter output file name where data will extract wave Period and stored in.
e Enter Start Day / Month /Year and Time

e Enter End Day / Month / Year and Time.
Then Select Extract to Start collect the data require as in Fig 65.
From Fig 65 user should select [ Open Surfed Plot ] to Activate Surfer software Program.

In Surfer program User should generate the grid information and contour result of wave height.
The analysis result as shown in Fig 66 from Surfer 2D plots

-
3 Extract Maximum Sgnl!cant Wave Height ‘ ﬁ ﬁ
e — i,
Extract Open Surfer Plot  Back Page

Maximum Sienificant Wave Height in the Arabian Guilf

Save Significant Wave file AS: ||:; it g HS wave. dat

Save Wave Period file AS:

v Applying Wave Height
Correction Factor

Time For Extracting Data

Year Mon## Day

Starting Time h:lTjLJan ﬂ|‘l_'_j |I:I:I:IEI
Ending Time [0 ~][oec ~]f31 =] [2zno

AL ey S LR
Saved Az ClWavelHSwave.darf

Figure 65
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C.1.S Interface 2005

A Surfer - [Plot . o=ranx
A\l file Edit View Draw Amange Grid Map Window Help &%
nzEEE LR frenEoachRR FEEk (2]

‘I‘\|\DI‘I|I|\1I|I|I|\2I|I‘I|\3\‘I‘I‘\ﬂ\‘\‘\‘\s‘\‘\‘\‘\E‘\‘I‘\‘\7|\‘I‘I|\B|\‘I ||\8|||'

h
!

IR

5.0

Mathing Selected [ 3M1in,5.30in

Figure 66
3.3.3 Extract for monthly maximum 1D grid Location in Arabian Gulf

To extract 1D wave Height data at select grid in Arabian Gulf to locate and show the monthly
maximum value and at what wave direction.
From Fig 62 a sup-option will display for user to select.
Figure 67 will display for user to enter require Grid Information as follows:
e Enter output file name where data will extract and stored in.
e Check Wind Speed option
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Day / Month /Year and Time
e Enter End Day / Month / Year and Time.
Then Select Extract to Start collect the data require as in Fig 67.
Figure 68 will display to monthly maximum Significant wave height with corresponding Wave
Direction.
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C.1.S Interface 2005

[ Extract Wind/Wave Data for AnalE’i

]

L .

Extract Open Digital Map Show Back Page

WindWave Daita in the Arabian Gulf

[ Wave Height v Applying Wave Height Correction

Factor
[~ Wind Speed
Save File AS: |E: S avehbardat. dat ﬂ
Grid Location
Longititude (deg) (483 Range (47 .40 to 56.80 deg)

[ PPTRT IE
Lafiiuge (aeg)

P

Range (23850 ¢ 30.50 deg)

233

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data

Year Mont} Dav
Starting Time |DE| = |Jan = |1 ~ |00
Ending Time
nding Tim

05 «|EE ~[31 ~[2z00

Saved As CliWavelbarasr dsf

Figure 67
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4. Surface Sea Water Temperature Database

C.1.S Interface 2005

Sea surface temperature (SST) is the water temperature close to the Sea surface. The exact
meaning of surface varies according to the measurement method used, but it is between 1
millimeter and 20 meters below the sea surface.
User must Select To extract Surface Sea Temperature data at select grid in Arabian Gulf as
shown in Fig 69.Where a number of Sub-options analysis was setup as shown in Fig 69. A List
of option as:
I.  Extracting 1D Water Temperature time Series at Grid

Il.  Extracting 2D Water Temperature Field over Arabian Gulf for Surfer

1. Program Format

IV.  Extracting 1D Time Series For Sea water Temperature

Wind Data Extract
Wave Output Extract
Surface Sea Water Temerature (c) Extract Water Temperature Time Series at a Grid

Air Temerature (c) At 2m Above Sea Level Extract Water Temperature Field Over Gulf for surfer

Evaporation Over the Arabian Gulf Extarct Time Series for Sea Water Temperature

Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Output Extract
Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map
1D/2D output Pesentation By Google MAp Tools
Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 70
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Sub-Option 1
4.1 Extracting 1D Water Temperature time Series at Grid

C.1.S Interface 2005

. To extract 1D water temperature data user must select from Fig 69. Fig 70 will display for user
to enter require Grid Information as follows

e Enter the Year of select data [By Select Directory File]. As input file
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Select Day / Month /Year

e Enter Start Day number and number of Days user want to Extract [365 a year]
Then Select Extract to Start collect the data require. As shown Fig. 70
To display the extracted data by 1D plot as shown Fig 71

Surface Sea Water Temperature (C) Time Series at Grid EI&‘Q =
g Ta—— Back Page
Extract Digital Gulf Map Plot Directory Files Back Page S Newvohe] -] |
30
Input And Output %
Input Water Temperature File |d:'\WSeaTmp\seaTmDEDDD.dat j O T
Ap.aUT =
e T e . Ap2. 00T El
Quiput Water Tempsraturs fils |C:\wave\SeaT mp.bin = e 0UT
Apr0d. 00T
Grid Location jg;gg;EUUJ
Apr07.aut
Longititude (dzg) (483 Range (47 40 t0 56 80 degl 25133 ot
Apr10.OLT
Latitude (deg) [293 Range (23.80 to 30.50 deg) A
Apr12.00T
Select Tower Location Press Here iEHéiSH?
Apr1E QLT
Apr17.00T
Select Bouy Location Press Here
Time For Extracting Data
Year Monti  Day
Starting Time |E|E| j|Jan j|1 j Finsh
Nmmber Of Davs 364
Figure 70
& €IS Chart _- — - — . —— - - =
Scale Print  Close
@mm
.. — Surface Water Temperature (C)
S 35
% - \-——///\
225
H
): 20
% 15
z
Ev 10
£ 5
@
- % 88 8§ EE8EEFEEFEFGFEEEEEERREERERE
Tima(hr) [l
I |
. dlw[s]elm 8 @[ @[]
Figure 71
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C.1.S Interface 2005

Sub-Option 2
4.2 Extracting 2D Water Temperature Field over Arabian Gulf for Surfer
Program Format

. To extract 2D water temperature data user must select from Fig 69. Fig 72 will display for user

to enter require Grid Information as follows
e Enter the Year of select data [By Select Directory File]. As input file
e Enter output file name where data will extract and stored in.
e Enter Select Day / Month /Year
e Enter Time in number of Hour in A day
Then Select Extract to Start collect the data require. As shown Fig. 72
To display the extracted data by Surfer program in 2D plot as shown Fig 73

. [ Extract Surface Temiperture Field Cwver the Gulf for Surfer Pu

Bxtarct Plot into Surfer  Directory Files  Back Page
Input And Ouiput
Lser Selection of Input File Id;\WS eal mphseal mp2000.dat

Ouiput File II::"-.Wave"'.S ea mp.dat

Time For Extracting Data

Year Mownt#? Dav

Starting Time IUD_;"ME,_.,' L"?EFLI I vI

Figure 72

3

Figure 73
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Sub-Option 3
4.3 Extracting 1D Time Series For Sea water Temperature

C.1.S Interface 2005

. To extract 1D time series water temperature data user must select from Fig 69. Fig 74 will
display for user to enter require Grid Information as follows
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Select Day / Month /Year at 0.00
e Enter End Select Day /Month/Year at 23.00
Then Select Extract to Start collect the data require. As shown Fig. 74
To display the extracted data by 1D plot as shown Fig 75
To Gemerat Printable file user must select [ Export File ] as shown in Fig 74

~ —
Extract Time series for Sea Water SurfaceTemperature (c) M
e ——— s

Extarct Open Digital Map  Plot  ExportFile Back Page l

Surface Water Temperature in Arabian Guif
Save File AS: |E:\Wave\TSSeatmp.dat j

Grid Location
Longititude (deg) (433 Range (47 40 to 56 80 deg)
Latitude {deg) (2923 Range (23.80 to 20.50 deg)

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data
Year Mont#? Day
Starting Timz (00 w|llan ~|[1  ~[jo:00

Ending Time ~|[3 ~]fzz00

|DD j Dec
Records save in C:lWavelT5Sestmp. dat

Export Data

H ] o ) Expoit file
Flg ure 74 Save in Wave file AS: |E:\wave\Exp-WaterTmp.txt j P
Close EDIT ¥ Hourly Data

Scale Print Close

@um

— Surface Water Tempesature (C)
o=
2w
£
S

cRE8EREEERREEREREEECEEREEERBRC: ®E
Tim

afhr)

Figure 75 [
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5. Air Temperature at 2m above Sea Level Database

C.1.S Interface 2005

User must Select To extract Air Temperature at 2m above sea level data at select grid in Arabian
Gulf as shown in Fig 76.Where a number of Sub-options analysis was setup as shown in Fig 76.
A List of option as:
I.  Extracting Air Temperature time Series at Grid
Il.  Extracting Air Temperature Field over Arabian Gulf for Surfer Format
1. Extract Time Series Air Temperature over Arabian Gulf

Wind Data Extract
Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level Extract AIR Temperature Time Series at a Grid

Evaporation Over the Arabian Gulf Extract AIR Temperature Field Over Gulf for surfer
Mean Sea Level Pressure in Arabian Gulf Extarct Time Series for AIR Temperature
Gravity Wave Disspation in Arabian Gulf

NorthWard Gravity Wave Surfce Stress

Boundary Layer Height

Tidal Current and Water Level Output Extract

Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 76
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C.1.S Interface 2005

Sub-Option 3
5.1 Extracting Air Temperature time Series at Grid

. To extract 1D Air temperature data user must select from Fig 76. Fig 77 will display for user to

enter require Grid Information as follows

e Enter the Year of select data [By Select Directory File]. As input file
e Enter output file name where data will extract and stored in.
[ ]

Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
Enter Select Day / Month /Year

e Enter Start Day number and number of Days user want to Extract [365 a year]

Then Select Extract to Start collect the data require. As shown Fig. 76
To display the extracted data by 1D plot as shown Fig 78

T ] —_— X
'EAIR Temperature (C) At 2m Sea Level Time Series at Grid e |r[Eh
I Bl SO - ST QLRSS

Extract Digital Gulf Map Plot Directory Files  Back Page

Input And Ouiput
Diput AIR Temperature File |d;\WAirTmp"\AirTmp2D|:IEI,dal

Ouiput AIR Temperaiure file |I:;'\,Wave"-AirTmp,bln

B
-]

Grid Location
Longititude fdeg) (483 Range (47 .40 to 36.80 deg)

Latitude fdeg) 293 Range (23 .80 to 30 .30 deg)

Select Tower Location Press Here

Select Bouv Location Press Here

Time For Extracting Data

Year Monti  Day
Startine Time |E|E| leay jl‘l ﬂ Finsh
Nmmber Of Davs IER

Figure 77

Scale Print Close

|
KISR

== Air Temperature (C) at 2m At Sea Level

Air Temperature (C) at 2m At Sea Level

Timethr)

Figure 78

K. Al-Salem (2014)
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Sub-Option 3
5.2 Extracting Air Temperature Field over Arabian Gulf for Surfer Format

C.1.S Interface 2005

To extract 2D Air temperature data user must select from Fig 76. Fig 79 will display for user to
enter require Grid Information as follows

o Enter the Year of select data [By Select Directory File]. As input file

e Enter output file name where data will extract and stored in.

e Enter Select Day / Month /Year

e Enter Time in number of Hour in A day

Then Select Extract to Start collect the data require. As shown Fig. 76

To display the extracted data by Surfer program in 2D plot as shown Fig 80

Extarct Plotinto Surfer  Directory Files  Back Page
Input And Output
Lser Selection of Input Fils Id: SAAAIT rpAirT mp 2000, dat ;I

Ouiput File IE: W avet AirT mp.dat ;I Edit Output

Time For Extracting Data

Year Mont! Day  Howr
Starting Time ||:||:| ;“Ma_u ;“19 | I vI Finsh

Figure 79
39

38

31
30
30
29

Figure 80
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Sub-Option 3
5.3 Extract Time Series Air Temperature over Arabian Gulf

C.1.S Interface 2005

To extract 1D time series Air temperature data user must select from Fig 76. Fig 81 will display
for user to enter require Grid Information as follows
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Select Day / Month /Year at 0.00
e Enter End Select Day /Month/Year at 23.00
Then Select Extract to Start collect the data require. As shown Fig. 76
To display the extracted data by 1D plot as shown Fig 82
To Gemerat Printable file user must select [ Export File ] as shown in Fig 76

Extract Time series for Sea AIR Temperature {c) at 2m Above Sea Level M
—— —

Extarct Open Digital Map  Plet | Export File | Back Page I

AIR Temperature at 2m Above Sea Level Over Arabian Gulf
Save File AS- | v T 5.4 Rt lat |

Grid Location

Longititude (deg) (483 Range (47,40 to 36.50 deg)
Latitude (deg) (293 Range (23 80 to 30.50 deg)

=EiEE oo o e o o maE

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data
Year Mont## Day

Starting Time {00 w|Jan = |1 «|0:00

Ending Tims <] (31 -|lzz00

Records save in CAWavelTSARImp. daf

Export Data
E xpart file

Flgu re 81 Save in Wave file AS: |C:\wave\Exp-Ailep.t:-ct ﬂ

Close EDIL [v Houtly Data

Scale Print Close

EE.?JJEI\:[SR

— Air Temperature (C) at 2m At Sea Level

perature (C) at 2m At Sea Level

Figure 82 Tt

K Al Salem (2014)
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6. Evaporation over Arabian Gulf Database

C.1.S Interface 2005

User must Select To extract Evaporation rate above sea level data at select grid in Arabian Gulf
as shown in Fig 83.Where a number of Sub-options analysis was setup as shown in Fig 83. A
List of option as:

I.  Extracting Evaporation at Grid

Il.  Extracting Evaporation Field over Arabian Gulf for Surfer Format
I1l.  Extract Time Series Evaporation Process over Arabian Gulf

Wind Data Extract
Wave Output Extract
Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level

-

Evaporation Over the Arabian Gulf Evaporation at Grid

Mean Sea Level Pressure in Arabian Gulf Evaporation Process Field for Surfer
Gravity Wave Disspation in Arabian Gulf Extract Time series for Evaporation Process at Grid location
NorthWard Gravity Wave Surfce Stress

Boundary Layer Height

Tidal Current and Water Level Output Extract

Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 83
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Sub-Open 1
6.1 Extracting Evaporation at Grid
To extract 1D Evaporation Rate data user must select from Fig
enter require Grid Information as follows
Enter the Year of select data [By Select Directory File]

C.1.S Interface 2005

83. Fig 84 will display for user to

. As input file

[ ]
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Select Day / Month /Year
e Enter Start Day number and number of Days user want

to Extract [365 a year]

Then Select Extract to Start collect the data require. As shown Fig. 84

To display the extracted data by 1D plot as shown Fig 85

I Extract Digital Gulf Map Plot  Directory  Back

Input And Quiput

T—
3. Evaporation Cver the Arabian Gulf At Grid a .
e ———

==

P - P
LORSIIITUAE (aeg)

Input Fils [ \EVAP\EVP2005 dt -]
Quiput File |E:kWave\E\:".-‘3«F'.bln ﬂ
Grid Location

56.50 deg)

423 Rawnge (47 4010 5

me iiseseresiE sem o

[T S
LATITNAE (deg)

SLLCIHGE (et

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data
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Year

Nmber Of Davs

365

Figure 84
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Sub-Open 2
6.2 Extracting Evaporation Field over Arabian Gulf for Surfer Format

To extract 2D Evaporation data user must select from Fig 83. Fig 86 will display for user to enter
require Grid Information as follows

e Enter the Year of select data [By Select Directory File]. As input file

e Enter output file name where data will extract and stored in.

e Enter Select Day / Month /Year

e Enter Time in number of Hour in A day

Then Select Extract to Start collect the data require. As shown Fig. 86

To display the extracted data by Surfer program in 2D plot as shown Fig 87

= Evaporat - Sea Level Field Over the Gulf for Surfer X
Extract PlotInto Surfer  Directory Files BackPage
Input And Ouipui
Lser Selection of Input File Id:'\.EV.-’-'-.F"\EUF'EDEIE.dat

C.1.S Interface 2005

Output File |E:'\Wave'\EW-'-.F'.dat

Time For Extracting Data

Year Mowt? Doy Hour

Starting Time IDE_L"ME‘-"' L"TEFLI I v'I Finsit

Figure 86

-0.00005
-0.00010
-0.00015
-0.00020
-0.00025
-0.00030
-0.00035
-0.00040
-0.00045
-0.00050
-0.00055
-0.00060
-0.00065
-0.00070
-0.00075
-0.00080
-0.00085
-0.00020
-0.00095
-0.00100
-0.00105

Figure 87
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C.1.S Interface 2005

Sub-Open 3
6.3 Extract Time Series Evaporation Process over Arabian Gulf

To extract 1D time series Evaporation data user must select from Fig 83. Fig 88 will display for

user to enter require Grid Information as follows
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Select Day / Month /Year at 0.00
e Enter End Select Day /Month/Year at 23.00
Then Select Extract to Start collect the data require. As shown Fig. 88
To display the extracted data by 1D plot as shown Fig 89
To Generate Printable file user must select [ Export File ] as shown in Fig 88

= -~
Extract Time series for Evaporation Process at Grid location M
— il

Extract Open Digital Map Plot Export Flle Back Page

Evaproation Process at Grid location in Arabian Gulf
Save File AS: [T aveNEVAFTS bin =]

Grid Location

Longititude (deg) (483 Range (47 40 to 56.80 deg)

Latitude (deg) |29.3 Range (23 80 to 30 30 deg)

Select Tower Location Press Here

Select Bouy Location Press Hers

Time For Extracting Data

Year Mont! Day

Starting Time ||j5 j|Jan ﬂ|1 j|D:DD

e 05 [ ~[31 ~[zzm

Records save in C:AWavelEVAPTS. bin

Ezport Data

- Export fil
Save in Wave file A5 C:haveE wp-EV AP, bt ﬂ LS
Flg ure 88 Close EDIT v Hourly Data

CIS Chart

Scale Print  Close

il
@?JJ:_KISR
— Evaporation Process

0,000 p e i

Time(hr)

Figure 89

K. Al-Salem (2014)
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7. Mean Sea Level Pressure over Arabian Gulf Database......
User must Select To extract mean Sea-Level Pressure data at select grid in Arabian Gulf as
shown in Fig 90.Where a number of Sub-options analysis was setup as shown in Fig 90. A List
of option as:
I.  Extracting Mean Sea Level Pressure at Grid
Il.  Extracting MSL Pressure Field over Arabian Gulf for Surfer Format
1. Extract Time Series MSL Pressure over Arabian Gulf

C.1.S Interface 2005

Wind Data Extract

Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level

Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf Mean Sea Level Pressure in Arabian Gulf At Grid

Gravity Wave Disspation in Arabian Gulf Mean Sea Level Pressure Field in Arabian Gulf for Surfer

NorthWard Gravity Wave Surfce Stress Extract Time Series for Mean Sea Level Pressure at Grid location

Boundary Layer Height

Tidal Current and Water Level Output Extract
Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools
Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 90
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Sub-Open 1
7.1 Extracting Mean Sea Level Pressure at Grid
To extract 1D Mean Sea Level Pressure data user must select from Fig 90. Fig 91 will display for
user to enter require Grid Information as follows
e Enter the Year of select data [By Select Directory File]. As input file
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Select Day / Month /Year
e Enter Start Day number and number of Days user want to Extract [365 a year]
Then Select Extract to Start collect the data require. As shown Fig. 91
To display the extracted data by 1D plot as shown Fig 92

5 Mean Sea Level Pmssmmi @
 —

Extract Digital Gulf Map Plot Directery Back

C.1.S Interface 2005

Input And Output

Drput File [D- 5 =L PriMSLP2005 dat ]
Output file |C:¥fave\MSP.bin |
Grid Location
Longititude (deg) [483  Range (4740 to 56.80 deg)
Latitude (deg) W Range (23 50 to 3050 degi

Select Tower Location Press Here

Select Bowuv Location Press Here

Time For Extracting Data

Year  Monti Day
Starting Time |DD - |.Jan - |1 -| Finsh
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5 oo I e i e
Scale Print  Close
@HSR
— Mean Sea Level Pressure
103501
103000
b
3 102500
5 102000
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T8 B8BEREEEEEEEEREEEEEEEEEEERREEERE R
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K. Al-Salem (2014)
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Sub-Open 2
7.2 Extracting MSL Pressure Field over Arabian Gulf for Surfer Format

To extract 2D Mean Sea Level Pressure data user must select from Fig 90. Fig 93 will display for
user to enter require Grid Information as follows

e Enter the Year of select data [By Select Directory File]. As input file

e Enter output file name where data will extract and stored in.

e Enter Select Day / Month /Year

e Enter Time in number of Hour in A day

Then Select Extract to Start collect the data require. As shown Fig. 93

To display the extracted data by Surfer program in 2D plot as shown Fig 94

F N
53 Mean Sea Level Pressure Fielo 1‘ L u

Extract PlotInto Surfer  Directory Files  Back
Input And Output

C.1.S Interface 2005

User Selection of Input File | D \MSeal PriMSLPZ005 dat e
Output File |C:VwfaveMEP2D dat v | Edit Output
Time For Extracting Data

Year Mow## Day Hour

Starting Time ||:|5 LIIME}I L“‘l_ﬁ'_d I vI Finsh

Figure 93
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Sub-Open 3
7.3 Extract Time Series MSL Pressure over Arabian Gulf
To extract 1D time series Mean Sea Level Pressure data user must select from Fig 90. Fig 95 will
display for user to enter require Grid Information as follows
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Select Day / Month /Year at 0.00
e Enter End Select Day /Month/Year at 23.00
Then Select Extract to Start collect the data require. As shown Fig. 90
To display the extracted data by 1D plot as shown Fig 96
To Gemerat Printable file user must select [ Export File ] as shown in Fig 95

C.1.S Interface 2005

3§ Extract Time Series for Mean Sea Level Pressure at Grid location @
L — .

Extract Open Digital Map Plot  Export Flle  Back Page

Mean Sea Level Pressure at Grid location in Arabian Gulf
Save Fils AS: [C¥wWave MEPTS bin -]

Grid Location

cititude (dez) (483 Range (47 40 10 56 50 deg)
i le (deg) [293 Range (23 50 t0 30.50 deg)

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data
Year Mont# Day
Starting Time |u5 j|Jan j|1 ﬂ 0:00

T

e T D=0 R =

Records save in C:liVavelMSFTS.bin

Export Data
- B e m Export file
i Save in Wave file AS: |E:\wave\E up-MSP. bt ﬂ
Flgure 95 Close EDIT
- = v Hourly Data
i — MW S 3 ~ -
Scale Print Close
@KISR
— Mean Sea Level Pressure
EWUSHUU
g‘\UZSUU
[} 102000
5101500
3101000
EWUUSUU
P 100000
B seso0
[ ss000
TR 88§ E8EE§REREERE IR EFEEEEERER R B
Time(hn)
Figure 96
K. Al-Salem (2014)
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8. Gravity Wave Dissipation in Arabian Gulf Database

C.1.S Interface 2005

User must Select To extract Gravity Wave Dissipation data at select grid in Arabian Gulf as
shown in Fig 96. Where a number of Sub-options analysis was setup as shown in Fig 96. A List
of option as:

I.  Extracting Gravity Wave Dissipation in Arabian Gulf at Grid

Il.  Extracting Gravity Wave Dissipation Field over Arabian Gulf for Surfer
1. Extract Time Series for Gravity Wave Dissipation over Arabian Gulf

S Digital Atas For

START | CIS. Exit
Wind Data Extract
Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level

Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf 0 \‘_
Gravity Wave Disspation in Arabian Gulf Gravity Wave Disspation in Arabian Gulf At Grid
NorthWard Gravity Wave Surfce Stress Gravity Wave Disspation Field in Arabian Gulf for Surfer
Boundary Layer Height Extract Time Series for Gravity Wave Disspation
Tidal Current and Water Level Output Extract

Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 96
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Sub-Option 1
8.1 Extracting Gravity Wave Dissipation in Arabian Gulf at Grid
To extract 1D Gravity Wave Dissipation data user must select from Fig 96. Fig 97 will display
for user to enter require Grid Information as follows
e Enter the Year of select data [By Select Directory File]. As input file
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Select Day / Month /Year
e Enter Start Day number and number of Days user want to Extract [365 a year]
Then Select Extract to Start collect the data require. As shown Fig. 97
To display the extracted data by 1D plot as shown Fig 98
59 Gravity Wave Diss;ati::-n-ir: Arabian Gulf At Grid @1
Extract Digital Gulf Map Plot  Directory Back

C.1.S Interface 2005

Input And OQuiput

Input File |d:\GWaveD\GWDZDDE.dat j
OQutput fils | e GwD. i |
Grid Location

493 Range (47400 56.80 deg) Ell 4

L dsz) (293 Range (23 50 t0 30 .30 dsg)

Select Tower Location Press Here

Select Bouv Location Press Hers

Time For Extracting Data

Year Montli Day
Starting Time |05 j|Jan j|1 ﬂ Finsh
Nmber Of Days IE6

Figure 97

o oo e i "W =

Scale Print  Close

@KISR

— Gravity Wave Disspation

T
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

mmmmmmmmmmmmmmmmmmmmmmmm

Timethr)

Figure 98

K. Al-Salem (2014) i
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Sub-Option 2
8.2 Extracting Gravity Wave Dissipation Field over Arabian Gulf for Surfer

To extract 2D Gravity Wave Dissipation data user must select from Fig 96. Fig 99 will display
for user to enter require Grid Information as follows

e Enter the Year of select data [By Select Directory File]. As input file

e Enter output file name where data will extract and stored in.

e Enter Select Day / Month /Year

e Enter Time in number of Hour in A day

Then Select Extract to Start collect the data require. As shown Fig. 99

To display the extracted data by Surfer program in 2D plot as shown Fig 100

C.1.S Interface 2005

T —— - -
(9 Gravity Wave Disspation Field in Arabian Gulf for Surfer @
B " e

Extract PlotInto Surfer  Directory Files BackPage
Duput And Ouiput

LEer Selection of nput File |d:'\GWaveD WG D 2005, dat ﬂ
Ouiput Fils  |C:Nwave\GWD 2D, dat v | Edit Quiput
Time For Extracting Data
Year Maont#i Day Hour

1

Starting Time |:|5_v May - v 2 -| Finsh

Figure 99
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Figure 100
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Sub-Option 3
8.3 Extract Time Series for Gravity Wave Dissipation over Arabian Gulf

C.1.S Interface 2005

To extract 1D time series Gravity Wave Dissipation data user must select from Fig 96. Fig 101
will display for user to enter require Grid Information as follows
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Select Day / Month /Year at 0.00
e Enter End Select Day /Month/Year at 23.00
Then Select Extract to Start collect the data require. As shown Fig. 101
To display the extracted data by 1D plot as shown Fig 102
To Gemerat Printable file user must select [ Export File ] as shown in Fig 101

R —— 3
[ Extract Time Series for Gravity Wave DTssEat'lon at Grid location @

Extract Open Digital Map Plot  Export Flle  Back Page

Gravity Wave Disspation at Grid location_in Arabian Gulf
Save File AS: [C:-\wiave\GWDTS bin =]

Grid Location
IW Range (47 40 to 36 50 deg)
29.3 Range (2350 ta 30 30 deg)

Select Tower Location Press Here

Select Bouv Location Press Here
Time For Extracting Data
Year Mon#? Day

|05-_ﬂ|Jan j|1_—j|u:nn
z : ][z

Records save in C:lWavelGWDTS bin

. — e Export file
Save in Wave filz AS: |C:\wave\E wp-GWD bt j P
Flgure 101 Clest EDIT v Hourly Data
i ————— — 3
o oo I, . > E— e
Scale Print  Close
@HSR
— Gravity Wave Di

Gravity Wave Disspation

Figure 102

K. AlSalem (2014)
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9. Northward Gravity Wave Surface Stress in Arabian Gulf

C.1.S Interface 2005

User must Select To extract Northward Gravity Wave Surface Stress data at select grid in
Arabian Gulf as shown in Fig 103. Where a number of Sub-options analysis was setup as shown
in Fig 103. A List of option as:

I.  Extracting Northward Gravity Wave Stress in Arabian Gulf at Grid

Il.  Extracting N.G. Wave Stress Field over Arabian Gulf for Surfer Format
I1l.  Extract Time Series for N. G. Wave Stress in Arabian Gulf

"5 Digital Atlas For Win
START | CIS. Exit
Wind Data Extract
Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level

Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf

Gravity Wave Disspation in Arabian Gulf ‘

NorthWard Gravity Wave Surfce Stress NorthWard Gravity Wave Surfce Stress in Arabian Gulf At Grid

Boundary Layer Height NorthWard Gravity Wave Surfce Stress Field in Arabian Gulf for Surfer

Tidal Current and Water Level Output Extract Extract Time Series forNorthWard Gravity Wave Surfce Stress at Grid location

Rose Ploting TR S RN

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools
Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 103
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Sub-Option 1
9.1 Extracting Northward Gravity Wave Stress in Arabian Gulf at Grid
To extract 1D Northward Gravity Wave Surface Stress data user must select from Fig 103. Fig
104 will display for user to enter require Grid Information as follows
e Enter the Year of select data [By Select Directory File]. As input file
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Select Day / Month /Year
e Enter Start Day number and number of Days user want to Extract [365 a year]
Then Select Extract to Start collect the data require. As shown Fig. 14
To display the extracted data by 1D plot as shown Fig 105

By MorthWard Gravity Wave Surfce Stress in Am! Guif AtGrid  (BNES
e e —

Extract Digital Gulf Map Plot Directory Back

C.1.S Interface 2005

Input And Output

Input File | M G v S S AW G5 5 2005 dat |
Output file | T ave\ N BW/S 5. bln |
Grid Location
Longitituds (deg) [483  Range (4740 to 36 80 deg)
Latitude (deg) W Rage (23,50 ¢0 3050 deg)

Salect Tower Location Press Hers

Select Bouv Location Press Here

Time For Extracting Data

Year  Mont! Dav
Starting Time ||:|5 ﬂl‘]a” ﬂ|1 j Finsh
Nmber Of Davs 65

Figure 104w . o S =

Scale Print Close

@HSR

— NorthWard Gravity Wave Surf. Stress

MorthWard Gravity Wave Surf. Stress

Time(hr)

Figure 105 | K. Al-Salem (2014)
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C.1.S Interface 2005

Sub-Option 2
9.2 Extracting N.G. Wave Stress Field over Arabian Gulf for Surfer Format

To extract 2D Northward Gravity Wave Surface Stress data user must select from Fig103. Fig

106 will display for user to enter require Grid Information as follows
o Enter the Year of select data [By Select Directory File]. As input file
e Enter output file name where data will extract and stored in.
e Enter Select Day / Month /Year
e Enter Time in number of Hour in A day
Then Select Extract to Start collect the data require. As shown Fig. 106
To display the extracted data by Surfer program in 2D plot as shown Fig 107

I [ MorthWard Gravity Wave 5Su for Surfer u

Extract PlotInto Surfer Directory Files Back
Dnput Awnd Quiput

Lser Selection of Input File |D:RNWGWaveSSHNWGWSSEDDE. |
OQuiput Fils  |C:\wave'NWEWS52D dat v | Edit Quiput

Time For Extracting Data

Year Mont! Dav Hour

Starting Time ||;|5 _"Ma_.,. _"15 Finsh

30.0
28.0
26.0
24.0
22.0
20.0
18.0
16.0
14.0
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8.0

6.0

4.0

2.0

0.0

-2.0

Figure 107
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Sub-Option 3
9.3 Extract Time Series for N. G. Wave Stress in Arabian Gulf

C.1.S Interface 2005

To extract 1D time series Northward Gravity Wave Surface Stress data user must select from Fig
103. Fig 108 will display for user to enter require Grid Information as follows
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Select Day / Month /Year at 0.00
e Enter End Select Day /Month/Year at 23.00
Then Select Extract to Start collect the data require. As shown Fig. 108
To display the extracted data by 1D plot as shown Fig 109
To Generate Printable file user must select [ Export File ] as shown in Fig 108

-

T — |
[ Extract Time Series for MorthWard Gmﬂ' Wave Surfce Stress at Grid loc.. @

Extract Open Digital Map  Plot  Export Flle  Back Page

NorthWard Gravity Wave Swrfce Stress at Grid location

Save File 45: |-V e M/ WSS TS bin |
Grid Location
Longititude (deg) (483 Range (47 40 to 56.80 deg

Latitude (deg) 293 Range (23,50 ¢0 30.50 deg)

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data
Year Mont? Dav

Starting Time |05 j|Jan ﬂ|1 ﬂ o0
Ending Time ,ﬂmw

Records save in CliWavelNWGWSESTS bin

Export Data
Save inWeve file 45 |Chwave\Exp-NWGWSS. bet |
Close  EDIT

Export file

[+ Hourly Data

Figure 108

so o DU . S E— e

Scale Print Close

@K{SR

— NorthWard Gravity Wave Surf. Stress

NorthWard Gravity Wave Surf. Stress

Figure 109 e
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10. Boundary Layer Height Over Arabian Gulf Database

C.1.S Interface 2005

User must select To extract Boundary Layer Height data at select grid in Arabian Gulf as shown
in Fig 110. Where a number of Sub-options analysis was setup as shown in Fig 110. A List of
option as:

I.  Extracting Boundary Layer Height in Arabian Gulf at Grid

Il.  Extracting Boundary Layer Height Field over Arabian Gulf for Surfer
I1l.  Extract Time Series for Boundary Layer Height over Arabian Gulf

S Digital At For!

START | C1S. Exit
Wind Data Extract
Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level

Evaporation Over the Arabian Gulf {

Mean Sea Level Pressure in Arabian Gulf 'Ste’n.i v

Gravity Wave Disspation in Arabian Gulf 2.5 .l ")9 &

NorthWard Gravity Wave Surfce Stress - X :

Boundary Layer Height Boundary Layer Height At a Grid

Tidal Current and Water Level Output Extract Boundary Layer Height Field Over the Gulf for Surfer
Rose Ploting Extract Time series for Boundary Layer Height
Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 110
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Sub-Option 1
10.1 Extracting Boundary Layer Height in Arabian Gulf at Grid

C.1.S Interface 2005

To extract 1D Boundary Layer Height user must select from Fig 110. Fig 111 will display for
user to enter require Grid Information as follows
e Enter the Year of select data [By Select Directory File]. As input file
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Select Day / Month /Year
e Enter Start Day number and number of Days user want to Extract [365 a year]
Then Select Extract to Start collect the data require. As shown Fig. 111
To display the extracted data by 1D plot as shown Fig 112

Extract Digital Gulf Map Plot Directory Back

Input And Qutput

Input File [d\BLheight\BLH2005.dat |
Qutput file |C:tw/averBLH.bIn -

Grid Location
Longititude (deg) 483 Range (47,40 t0 56.50 deg)

a deg) (293 Range (22,50 i0 30.50 deg)

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data

Year Montl  Day
Figure 111 Starting Time 05 vflan ~|[1 ~| Fiosh
Nmber Of Davs 365
R W\, ==

Scale Print  Close

@HSR

= Boundary Layer Height

Boundary Layer Height

Time(hr)

Figure 112

K. Al-8alem (2014)
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Sub-Option 2
10.2 Extracting Boundary Layer Height Field over Arabian Gulf for Surfer

C.1.S Interface 2005

To extract 2D Boundary Layer Height data user must select from Fig 110. Fig 113 will display
for user to enter require Grid Information as follows

e Enter the Year of select data [By Select Directory File]. As input file

e Enter output file name where data will extract and stored in.

e Enter Select Day / Month /Year

e Enter Time in number of Hour in A day

Then Select Extract to Start collect the data require. As shown Fig. 113

To display the extracted data by Surfer program in 2D plot as shown Fig 114

F -
R oundary Laver Height ADOR ulf for Surfer Plot (NNESE

Extract PlotInto Surfer  Directory Files BackPage
Imput And Output

User Selsction of Input File  |d\ELheight\BLHZ005 dat |
Ouiput Fils  |C*Wave\BLH dat | Edit Qutput
|
Time For Extracting Data L

Year Monf! Day Hour

Starting Time  [05 ~|May ~|[15 ~| [B <] Fnsh

Figure 113
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Sub-Option 3
10.3 Extract Time Series for Boundary Layer Height over Arabian Gulf

C.1.S Interface 2005

To extract 1D time series Boundary Layer Height data user must select from Fig 110. Fig 115
will display for user to enter require Grid Information as follows
e Enter output file name where data will extract and stored in.
e Enter Grid Location by two way as
o Select Digital Gulf map [As shown in Fig. 5]
o Manual Enter Longitude/Latitude in (deg)
e Enter Start Select Day / Month /Year at 0.00
e Enter End Select Day /Month/Year at 23.00
Then Select Extract to Start collect the data require. As shown Fig. 115
To display the extracted data by 1D plot as shown Fig 116
To Generate Prlntable file user must select [ Export File ] as shown in Fig 115

Eﬁ Extract Time series for Boun-dar};r Laﬁ Height Above Sea Level Iﬁ

Extract Open Digital Map Plot Export Flle  Back Page

Boundary Laver Height Above Sea Level Over Arabian Gulf
Save File AS: |CaverBLHTS bin |

Grid Location
Long fdeg) 423 Range (47 40 to 56 80 d=g)
a (deg) |293 Range {2380 to 30 30 deg)

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extracting Data

Year Montl Day
ime (05 «|lan ][ JW
e T <J23m
Records save in CliWavelBLATS. bin
Export Data
Save in Wave file AS: |C:\wave\EKD-BLH.t:¢t ﬂ Expott file
Flg ure 1 15 Close EDIT ¥ Houfly Data
Teo I . e

Scale Print Close

t@msn

— Boundary Layer Height

Figure 116

K. Al Salem (2014)
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11. Rose Program Plotting [KROSE Model]

C.1.S Interface 2005

Rose Plotting Tool [Named: KRose was Developed by Al-Salem k 2005]. It’s a valuable tool
for user to create a rose plot and the statistical of frequency table for wave height, wind speed
and tidal current for any location and time period in the Arabian Gulf. Where a number of Sub-
options analysis was setup as shown in Fig 117. A List of option as:

I.  Extracting Wind Speed For Rose Plot

Il.  Extracting Significant Wave Height For Rose Plot

Wind Data Extract

Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level
Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress

Boundary Layer Height
Tidal Current and Water Level Output Extract v
Rose Ploting Extract Wind ,Direction for Rose Plotting

Long Term Prediction Extract Wave ,Direction for Rose Plotting
Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 117
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C.1.S Interface 2005

To plot data using Rose Plotting Software click on Plot Wave Rose as shown in
Fig. 118 a new window titled (Rose Plot Configuration) will display for user to
Configure the plot as: -
-Data Record file (Input Data Extract Name)
-Save Statistical Table (output Statistical table)
-Type Of Plot TO Seclect (plot type Wind, Wave, Or Tidal Current)
-Select Magnification Number (Data Zoom in/out)
-Select Increment Class (Data Range)
-Select Plot Width Number (Rose Wing Width)

Then Click in Show as shown in fig 118. Fig.68 and 69 will display the frequency of statistical

distribution table and the corresponding Rose Plot of the data frequency.

Sub-Option 1
11.1 Extracting Wind Speed for Rose Plot

If Select to plot wind data from Fig 117 user must select or any wind speed analysis sub-Program

all Linked with the KROSE Program.
Fig 118 will display for user to Extract Wind Data as follow:

Extract Wind Data for Rose Plottin L a ﬁ

Exract Wind  Show Digital Gulf Map  Plot Wind Rose  Directory Files  Back Page

Input And Output

Lser Seleciion of Input Wind file |d:\958395}'2005.t3t j
Save in Wind file AS: |E;\Wave\sp-roseﬂ_dat j
Grid Location
Longititude {deg) (483 Range (47,40 to 56.80 deg)

i e (deg) (293 Rawnge (23 50 ta 3030 deg)

Select Tower Location Press Here

Select Bouy Location Press Here

Time For Extraciing Daia

Year Mont! Day
i |D5 ﬂldan jh j Saved As
Total Number of Davs in A Year 365 Sp-rose daf

Figure 118
User must Select [Plot Wind Rose] from Fig 118. Then Fig 119 will display for user to enter the
Rose Plot Configuration information require.
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C.1.S Interface 2005

Fig 119 it part of KROSE program it linked with all Wind Speed Data Analysis in The C.1.S
System. Then To; display the Result [Frequency of Statistical Wind Seep and Direction Table]
by Select [Show] in fig119. Fig 120 will display. To Display Rose Plot Select [Graph] in Fig
120 Fig 121 will display in new window as Rose Plot.

-
Fose Plot Configurati ﬁ
Show Back Page
K-Rose Plot Setup
Data Record file C:\'Wave'sp-rosel.dat
Save Statistical Table AS: |C-wave'Table dat |
Trpe Of Plot To Salect III""I""IIir-":| ]v ]
Belact Magnafeation Number hd i
fzclect Incrments Classes (Bangs) I-I ]v
Seclect Plot Width Number 05 ~]
]
Enter Plot Diseription:- I
N
. Roze for wave/perniod - ]
Figure 119
J

Graph Show 16 Sectors of Occurrence  Back Page  Plot VB
Frequency of Statistical Wind Speed and Direction
DATA SHOWN IN PERCENT OF OCCURBENCES

WIND SPEED CLASSES (m/s)
B l'ﬁnd -1 1-2 2-3 3-4 43 5-5 =7 7-8 B-2 2-10 =11
Direction
E (o045 00151 00192 (0106 00068 00063 00017 00003 00000 00007 00000 658

NE 00041 00123 00103 00055 00024 00017 00007 00000 00000 00000 000.00 37
N (0065 00140 00185 002.0% OQ0LY1 00151 00055 00055 00014 00000 00000 1043

NW 00072 00185 00318 00596 00702 00733 O0BOS 00620 00255 00164 00052 45382
W 00031 00161 00147 00144 00082 Q0048 00024 00024 00014 Q0000 00000 673
s (0038 00110 00130 (QO0.8% 00021 QQO.0T (0000 00000 OROO3 (0000 00000 357

00041 00052 002.1% 00134 00106 OOOSS 00041 00034 00010 0O0.0T 00007 312
|
SE ¢00.38 Q0110 00225 (02.81 00288 00171  00L40 00073 00073 00031 00014 1482 N
I Total (%)= 100.000
MODEL DEVELOPED AT KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH (HLCE 2005 K. AL-SALFM
T T i1 _ r— —— |
Figure 120

[AL-Salem 2005] 83



C.1.S Interface 2005

KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
Coastal Information System C.LS.
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Figure 121
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Sub-Option 2
11.2 Extracting Significant Wave Height For Rose Plot
If Select to plot Significant wave height data from Fig 117 user must select or any Wave Data
analysis sub-Program all Linked with the KROSE Program.
Fig 122 will display for user to Extract Wave Data as follow:

-
[ Extract Wave Height for Rose Plutti_ " ﬁ

Extract Show Digital Gulf Map  Plot Wave ROSE  Directory Files  Back Page

C.1.S Interface 2005

Input And Ouiput

Lser Select Ouipui Wave file ||:|:"~wam|:|ut"-.h-1.a_l,l|:|5.|:|ut j
Seve in Wave file A5 |E:"~Wave'\sp-ru:use.dat j
| v Applying Wave Height
Correction Factor
Grid Location
Longititude (deg) 483 Range (47 40 10 36 .80 deg)
Latitude {deg) (29,3 Range (23 85010 30 .50 deg)

Select Tower Location Press Here

Select Bowv Location Press Here

Time For BExtracting Data

Year Monti Dy

Starting Time _|EI5 - |m - _'_l'l Saved As

Nmber OFf Davs |3-| So-rose.daf

Figure 122

User must Select [Plot Wave Rose] from Fig 122. Then Fig 123 will display for user to enter the
Rose Plot Configuration information require.

Fig 123 it part of KROSE program it linked with all Wave data Data Analysis in The C.I.S
System. Then To; display the Result [Frequency of Statistical Wind Seep and Direction Table]
by Select [Show] in fig123. Fig 124 will display. To Display Rose Plot Select [Graph] in Fig
124 Fig 121 will display in new window as Rose Plot as in Fig 125.
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C.1.S Interface 2005

-

5 Rose Plot Configuration u

Show Back Page

Data Fecord file
Save Statistical Table AS: |C-wave' Table dat
Twpe Of Plot To Select WWave W
Zelect Maenafeation Number

Zzclect Incrments Classes (Bange) 0.25

Seclect Plot Width Number

Enter Plot Discription:-

K-Rose Plot Setup

C\Wave'sp-rose. dat

bl

Roze for wavespenod

| B

B

-

53 K-Rose Statistical Table

T———

Figure 123
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KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
Coastal Information System C.LS.
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12. Long Term for Extreme Wind/Wave Prediction

Methodology used in [LPT model Developed by Al-Salem 2005] Analysis

The Gumbel and Weibull distribution was used for the extreme value prediction.
The input data point selection was done using the POT method with a 1 m threshold
wave height. The data points for each location are arranged in the descending order.
The probability of exceedence, Q is calculated using the formula

_ (i _Cl)
Q=N=c,) (1)

where i is the Rank, N is the total number of data points, and the constants c; and c are as
follows,

€1=0.44 and ¢, = 0.12 for Gumbel distribution

€1=0.20+ (0.27/a) and c2 = 0.20 + (0.23/a)) for Weibull distribution,

where o is a shape parameter that varies from 0.8 to 1.3.

The detailed description of Gumbel and Weibull distribution can be found from
many sources (for example, see Kamphuis (2000)). For the purpose of quick reference
and use for the readers, the salient details of these distributions are provided below.

Gumbel distribution
The Gumbel distribution is described by

(H-r)

B
P-e (12)
where
P is the probability of non exceedence (P=1-Q), vy is a location parameter and P is a
scale parameter.
Eq. 3 can be linearised by taking logs on both sides twice resulting in,

-

The L.H.S. of Eq. 4 is called the reduced variate of the Gumbel distribution.
For the data set described, a least square best line fit is made and the value of B
and vy is obtained from the slope and intercept of the best line fit.

Weibull distribution
The Weibull distribution is a three parameter distribution described by,
K&
P=e (14)
This may also be expressed as,
H-y “
%)

Q=e (15)
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For the purpose of linear transformation, taking logarithm on both sides and after
reorganization the following is obtained,

RO

The L.H.S. of Eq. 7 is called the reduced variate of the Weibull distribution.

Again, for the data set described, a least square best line fit is made and the value
of B and vy is obtained from the slope and intercept of the best line fit. The shape
parameter o is varied from 0.8 to 1.3 with an increment of 0.05. The value of a, which
gives best fit for the data, is selected (based on the highest value of correlation
coefficient).

Prediction of Wave Heights for Specified Return Periods
The return period, Tr and the probability of exceedence are linked by the
following expression:

1
Q= i A7)

where | is the number of events per year. For the present study, the total number of
storm events exceeding threshold value of Hs = 1.0 m for each location is known. Since
the data is for a total duration of 12 years, the value of | can be easily calculated.

According to Gumbel distribution, the wave height expected for a selected return
period Hrr can be estimated from,

) ]

According to the Weibull distribution, the wave height expected for a selected
return period Hrr can be estimated from the following formula:

H =7+ ﬂ{ln (%ﬂ — -+ Alin(T, e (19)

To run Extreme Wind/Wave Analysis program user must select option shown in Fig 125. Where
a number of model Sub-Option are list as follows:

I.  Extreme Wind speed / Wave height Prediction [Based on Monthly Max].

[1.  Extreme Wind speed/Wave height Prediction [Based on Threshold Value]
1. Extreme Wind speed / Wave height Prediction [Airport Monthly Data].
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Wind Data Extract

Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level
Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Output Extract

Rose Ploting = ,: ; RN S E
Long Term Prediction Extreme Wind Speed/Wave Height Prodiction (based on Monthly max.)

Digital Elevation and Topography Map Extreme Wind Speed/Wave Height Prediction (based on thershhold Value)
1D/2D output Pesentation By Google MAp Tools Extreme Wind Speed Prediction ( Based on Airport Monthly Data )
Bouy/Towers Field Database e " .

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 126

Sub-Option 1
12.1 Extreme Wind speed / Wave height Prediction [Based on Monthly Max].

If user select from Fig 126 the extreme wind/wave analysis based on monthly max data generate
for C.1. Interface. Figure 127 will display for user to select the parameter for extreme analysis

B3 Long Term Prediction Of Design (Wave Heights Or Win
Wave Height Wind Speed  Exit

eed)

Figure 127
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If user Select Wind Speed Analysis from Fig 127,

Figure 128 will display. User must enter the input iformation as follows:
1. Name of output file name
2. Number of year to extract for analysis [Start from 1979 to 2018] about 40
3. Grid location [Longitude/Latitude]
4. Name of Directory where Wind Speed Database Stored in
Then User must select [Extract] to load the select data.
Then user must select [LT Probality] to start program. Fig 129 will display to user a number on
Distribution analysis to select as follow:
e Gumble Distribution
e Fretchet Distribution
e Weibull Distribution

-
5. Long Term Prediction Of Design (Wind S[ =NEs ﬂJ
Extract L.T.Probality Digital Gulf Map Back Page
Save in Wind file AS: |C:Nw/aveALtphLtpwind bin |
Number of Years ﬂ
Assumed Life Time |2|:| j
Daia mput Intervel |'| j
(Grid Location
Longititude idez) 4873 Range 47 40 to 36 80 deg)
Latitudes fdeg) (293 Range (23 .80 to 30 .30 deg)
Select Tower Location Press Here
Select Bouv Location Press Here
Wind Files Location
04
Figure 128
L
"3 Long Term Prediction Of Design - L ) - oo

Distvibution] Return Period  Edit Table Ajust Scale Print Back Page

Gumble Distribution

Fretchet Distribution

Weibull Distribution

Upper Bound Distribution

Least Square fit

Figure 129

C.1.S Interface 2005
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Example If Gumell distribution was selected
If user select Gumbell distribution from [ Distribution] as in Fig 129.
Fig 130 and 131 will display for user all information need as follow:

Get the analysis data Line Equation Fig 130.
Edit the simulation output file [Edit Table]. Fig

C.1.S Interface 2005

130.

Can Plot the [Return Period] of [12, 25, 50, 100 years] with corresponding wind speed

Fig 130

Get a corresponding Wind speed by select the probability value from dropdown list in Fig

131

Get any Corresponding Information from select [Return Period TR year] in Fig 131 to get

the following:

o The Probability value of occurrences

o Extreme Wind Seep (m/s)
o Encounter Probability value

59 Long Term Prediction Of Design

Gurnbel

Distribution  Return Period  Edit Table Ajust Scale  Print  Back Page

Best Fit Gumbel Distribution

Y=-7.01466+.90154 X

Correlation Coeff. = 95631

144 156 168 18 132 204 216 228

ga . 12 24 3B 48 B 72 84 36 108 12 132

-
‘wind Speed /e | 53 Gumbell Distribution | [l | S

Figure 130
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-
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If user Select Wave Analysis from Fig 127.
Figure 132 will display. User must enter the input information as follows:

SUA WM

Name of output file name

Variables Selection to Extract
Number of year to extract for analysis
Grid location [Longitude/Latitude]
Start day/month/year time in a day
End day/month/year time in a day

Then User must select [Extract] to load the select data.
Then user must select [LT Probality] to start program. Fig 133 will display to user a number on
Distribution analysis to select as follow:

e Gumble Distribution

e Fretchet Distribution

e Weibull Distribution

T ——
9 Long Term Prediction Of Design Wave He'ﬁhts} ilglﬂléj

Extract L.T.Probality Show digital Gulf Map  Back Page

Input And Output

Save in Wave file A5 |I: SidaveLtpSLT prvave. bl ﬂ

Varible Selection to Exiarct |"-.-'-.-"ave Height j

Number of Vears (5 j

Assumed Life Time |2|:| j

Daia nput ntervel |'| j

Grid Location

Longititude (deg) 483 Range (47 40 10 36 .80 deg)
Latitude {deg) (29,3 Range (23 50 10 3050 deg)

Select Tower Location Press Here

Select Bowuv Location Press Here

Time For Extracting Data
Year Mon## Dav

Starting Time ||:||:| j|._lan j|‘| ﬂ |0:00

Ending Time |05 |31 -| |2300

Saved As
CAWavellioll Towave bin

Figure 132
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Example If Weibull Distribution was selected
If user select Weibull distribution from [ Distribution] as in Fig 133.
Fig 133 and 134 will display for user all information need as follow:
e Get the analysis data Line Equation Fig 133.
e Edit the simulation output file [Edit Table]. Fig 133.
e Can Plot the [Return Period] of [12, 25, 50, 100 years] with corresponding extreme
Wave Height(m) Fig 133
e Get a corresponding Extreme Wave height (m) by select the probability value from
dropdown list in Fig 134
e Get any Corresponding Information from select [Return Period TR year] in Fig 134 to get
the following:
o The Probability value of occurrences
o Extreme Wave Height (m)
o Encounter Probability value
[ Long Term Prediction Of et . - oo e S |

C.1.S Interface 2005

Distribution | Return Period | Edit Table AjustScale  Print  Back Page
Best Fit Weibull Distribution

Y=-2.53124+4.10152 X Conelation Coeff, = 87427

Retum
: : : : 12 Period
e R R ! [year)

aibll 2499

--------------

' ' ' '
______________

---------------------------------------------------------------------------------------

__________________________________________________________________________________________

.....................
------------------------------------------------------------------------------------------
..........

-254 I. I.‘I I.2 I.3 I.-’i I.5 I.B I..'-" I.B I.S I1.rl : : : : : : : I :
B Weibull Distribution L= | Bl
Plots Back Page

Wiawe Height

Seclect Probality a9 -

Figure 133 wave Height m 1.40545 -

Feturn Period [Tr) years ] -
Life Time [vear) 3
PH=1TR eve Heightm Encaunter Probabil

39361 165563 03415

Figure 134

[AL-Salem 2005] 94



L&

Sub-Option 2
12.2 Extreme Wind speed/Wave height Prediction [Based on Threshold Value]

C.1.S Interface 2005

If user select from Fig 126 the extreme wind/wave analysis based on thresholds value data
generate from C.I. Interface. Figure 135 will display for user to select the parameter for extreme
analysis

8 Long Term Prediction Of DEH—M M

Wave Height Wind Speed  Wind Energy  Exit

Figure 135

If user Select Wind Speed Analysis from Fig 135.

Figure 136 will display. User must enter the input information as follows:
1. Name of output file name
2. Number of year to extract for analysis
3. Grid location [Longitude/Latitude]
4. Select time data option
o Check All Database [1979 to 2018]
o Check Random File [Data file not from CIS database]
o Check Select wind Data time limit [user enter start year year/End year]
B Long Term Prediction Of Désig; (Wind Speed) =[O et

Extract Selc, Thr.hold Value  LT.Probality  Digital Gulf Map
Directory Files  Back Page

45 [C:hwiaveALip2iLtpwind bin

Ll Lo fLed Lo

Grid Location

» fe (deg) |48.3 Range (47 4010 536 80 deg)

23,8010 30.50 deg)

Select Tower Location Press Here

Select Bouy Location Press Here

Select Time Option

[~ All Wind Data Bank Randuem Data Fite [
[¥ Select Wind Data Time Starting Year 00 «

Ending Year -

FPress to Select Threshold Value

—

Figure 136
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Then User select [Extract] from Fig 136.

Then when Extract Finished user must select [Selc Thr.Hold Value] a new threshold value will
appear as in Fig 137.

User can modify the threshold value by [Press to Select Threshold Value]. New Screen will
display for user as in Fig 138.
In Fig 138 user should reload data with inial threshold value to plot by select [Wind].
If user wants change the threshold value as follows:
1. Change the threshold value in fig 138
2. Select [Wind] to update the wind data with new threshold value.

C.1.S Interface 2005

& Long Term Prediction OF Design (Wind Speed) (o [Iwn) |
Extract Selc. Thr.held Value L.T.Probality  Digital Gulf Map
Directory Files  Wind Rose  Back Page
Save in Wind file AS. | EEN R0k e
Number of Vears |5 =
Assumed Life Time |2|:| j
Daia Input Tniervel |'| j

|
Grid Location i
Longititude (deg) |483 Rawnge 47 40 10 36.80 deg) I
Latitude fdeg) 293 Rawnge (23 80 10 30 30 deg)
Select Tower Location Press Here
Select Bouy Location Press Here
select Time Option
[ AllWind Data Bank Randem Datz File [
W Select Wind Data Time Starting Year [00 |
| Ending Year I@ |
Press to Select Threshold Value
Figure 137 Ga@

Then user must select [LT Probality] from 137 to start program. Fig 139 will display to user a
number on Distribution analysis to select as follow:

e Gumble Distribution
e Fretchet Distribution
e Weibull Distribution
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5 To Select Values Above the Input Threshhold Value . - = | B ||
Wave Wind Exit

Max. = 11.56

Min = 071 Mean = 3.981

3881

11.56

a7

578

283

Figure 138

Example If Gumell distribution was selected
If user select Gumbell distribution from [ Distribution] as in Fig 139.
Fig 139 and 140 will display for user all information need as follow:
e Get the analysis data Line Equation Fig 139.
e Edit the simulation output file [Edit Table]. Fig 139.
e Can Plot the [Return Period] of [12, 25, 50, 100 years] with corresponding wind speed

Fig 130
e Get a corresponding Wind speed by select the probability value from dropdown list in Fig
140
e Get any Corresponding Information from select [Return Period TR year] in Fig 140 to
get the following:
o The Probability value of occurrences
o Extreme Wind Seep (m/s)
o Encounter Probability value
£ Lang Term Prediction Of Design - = | B |
Distribution  Return Period  Edit Table Ajust Scale  Print  Back Page
Best Fit Gumbel Distribution
Y=-4.38419+.8165 X Conslation Coeff. = 97737
15.09
1314
11.19 Returm
Period
— 9.24 [wear)
723
624
229
1.44
051
248 : : : : : : : : ‘ : ‘ : : : : : : :
H 441 115 23 345 46 B75 BY 805 92 10357115 1265138 14595161 1725184 1965207 21.85
Flgure 139 ‘wind Speed m/s
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-

B3 Gumbell Distribution

Plots Clear Back Page

Seclect Probality 99 -
Wind Speed ms |1 1.00348 -

Feturn Penod [Tr] vears
Life Time [year]

FiHI=1-1/TR
.93333

Ll -

—

“Wind Speed ms

18.74036

Encounter Probability

00045

C.1.S Interface 2005

Figure 140

If user Select Wave Height Analysis from Fig 135.

Example If Weibull Distribution for Wave Height Analysis
[Same analysis description in Sub- Option 2 of section 12]

Sub-Option 3
12.3 Extreme Wind speed / Wave height Prediction [Airport Monthly Data].
[Same analysis description in Sub- Option 1 of section 12]
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13. Digital Bathymetry and Topography for Arabian Gulf [AGbath model]

C.1.S Interface 2005

Kuwait Topographic and Bathymetric data
Different-high resolution satellite images and topography and bathymetry data were used. The
images were either purchased or obtained from any available free source. The images were
processed to obtain a new set of satellite-derived bathymetry and land elevation. The data were
from local digitized navigational charts and free data available from different sources. Both data
were used to create seamless elevation and bathymetry map of the Arabian Gulf region and part
of the Indian Ocean/ Arabian Sea. The new data were created after interpolating (preserving the
original data values), resampling, clipping, and post processing of six original data as shown
subsequently:

« Satellite Derived Bathymetry for shallow water South of Kuwait Bay, 10 m grid.

* CM93 chart data (contour lines and points in various resolutions).

* GEBCO bathymetry, 30 s grid.

» Stereo Surface Model for Kuwait coastal area, 5 m grid.

* SRTM surface elevation data, 90 m grid.

* Coastline from spring 2016 (based on 10 m satellite data).
Table 2 provides the details of the data source used in this study

Table 2. Details of Different Kinds of Data Source for the Development of Digital Elevation

Map
Description Resolution Coverage (Satellite) Data
Source

Digital Surface 5m 3-km buffer to the inland from the IRS P5

Model (DSM 5m) Kuwaiti coastline

Satellite Derived 10m Kuwaiti shallow waters (5-12 m) Sentinel 2A

Bathymetry from south of Kuwait to Saudi
Arabia and coral atolls in the Gulf

Satellite Derived Contours Areas in the Arabian Gulf which

Bathymetry were purely charted

Coastline 10 m Entire Gulf region Sentinel 2A

CM93 Points/Contours Entire Gulf region CM93

SRTM 90m Gulf region, excluding the areas of ~ SRTM mission
DSM5m

GEBCO 30 arc seconds Entire study area but excluding the Gridded data
area where other, higher resolution based on survey
data were used data

Development Method of Digital Elevation Map

To create a seamless elevation model, different kinds of data sources were used and finally
interpolated together to create the Digital Surface Model (DSM)/elevation. For the Kuwaiti area
5-m spatial resolution DSM was created for the coastal area as well as a shallow water
bathymetric grid with 10-m spatial resolution was created. It is worth noting that all of the
satellite data calibration was carried out with respect to the standards provided by the satellite
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data provider. The measuring calibrated radiances were verified using the EOMAP radiative
transfer model. The adjacency correction and sun glitter correction were done. The seafloor and
water-depth calculations were performed using the WATCOR module suggested by [Heege et al.
(2004) and Pinnel (2007)]. The transformation of subsurface reflectance to the seafloor albedo
was based on the equations published by [Albert and Mobley (2003)].

By using the water spectra, it is possible to calculate the water column thickness and so the
water depth, which can then be linked to a specific datum such as mean sea level (MSL). The 5-
m DSM was created by a stereo image approach (Uttenthaler et al., 2013) using IRS P5 satellite
image data. The process includes single scene stereo matching and disparity image check and
bundle rational polynomial coefficient (RPC) correction. The intersection of each stereo pair
image is set at 3-D points, representing the earth's surface including tree tops and buildings. The
irregular point clouds are combined and converted to a regularly spaced grid with a spacing of 5
m. If the multiple points fall into the same grid cell, their heights would be calculated with
median to form a new point. The remaining grids are filled with the Shuttle Radar Topography
Mission (SRTM) data. This method was applied successfully in previous works at other sites
[e.g., Siermann, 2014]. The 5-m DSM is accompanied by ortho layer with a World Geodetic
System 84 (WGS84) Datum and the Universal Transverse Mercator (UTM) projection.

All of the source data were used as input for an interpolation method specifically designed
for the creation of topographic DEMs. It is based on the Australian National University Digital
Elevation Model (ANUDEM) program developed by [Hutchinson (1988)]. The satellite-derived
shallow water bathymetric data were validated for vertical accuracies using the data from the
single beam acoustic survey carried out data by KISR on 30 June 2016. The survey was done at
clear coastal water along the southern coast of Kuwait. The comparison between field measured
depth data and the derived depth data and is shown in Figure 2 as the model validation. The
validation showed an overall good performance of the model. The horizontal accuracy of the 5-m
grid was checked against very high-resolution optical image data (quick bird ortho mosaic) and
showed an overall agreement of 3-m CE 90.

Single Beam Acoustic Survey 2016 KISR
0 -5 -10 -15 -20 -25

satellite Derived Bathymetfry, 10m grid

- y=0.80x+0.28
LS ;.
R*=0.90

-10 Yo o

-15

Bathymetric data EOMAP
©

..
20 \uo

Satellite Derived Bathymetry

-25
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Figure 141. Validation of satellite-derived shallow water bathymetry and interpolated
bathymetric data with the single beam acoustic data for southern Kuwait.

The sources of the Digital Bathymetry and topography data for Kuwait and Arabian Gulf
Land/Waters Database used in [AGbath Model Developed by Al-Salem 2016].

AGbath program was linked with KISR digital elevation database In Coastal Information
System Interface. From Fig 142 user active the AGbath program.

Figure 143 will display for user the main page of AGbath program to start the model

S Digitel Atlas

START | CIS. Exit
Wind Data Extract
Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level
Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Output Extract
Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map
1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database
Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 142
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[ CLS. Bathymetry DataBase For Arabian Guif )
[start it

EK.LS.R.

30N

Kbt

26°N 8
25°N |

24°NE Saudi Arabia

48k 51°K

D.E. M.
Arabian Gulf 2D Bathymetry DataBase
at Multy. Grid Size
AGBath Program

Copyright @ 2016. Khaled Al-Salem. All rights
reseved

Figure 143

From Figure 143 user must select [Start] to Run the program. Figure 144 will display for user
To start Enter the require information needed.
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Arabian Gulf 2D Digital
Bathymetry and Topography QJ

Selected Grid Size\Domain m:

[setect Grid Domain

Bottom Left Location.

108785 2198315

Top Rigth Location.
2660285 3486215
CSHi A New| _Gulf E’ ™ H

Longitude: 2714244 M
Latitude : 2761835 M

|V
‘ Copyright @ 2011. CLS. Interface. AGBath Model . All ights reseved
Email: ksalem@kistr.edukow

Figure 144

AGbath model gas two option to extract Bathymetry data as follows:
1. Extract 1D bathymetry profile data for select Path line
2. Extract 2D bathymetry data for Select area

To Start the program user must select the require digital bathymetry database area from Fig 144
As shown in Drop list option as in [Select |Grid Size for Domain]. A list of Sub-Area based on
Grid Size varies from [ 1215 to 5 m ] Covering Arabian Gulf and Gulf Of Oman to Kuwait
terminal Waters. Then after area selected information of the area will appear as follows:

= Lower left corner to Upper right corner in UTM units.

= Total Grids in Longitude {NX} and total Grid in Latitude {NY}
Then to show the select area by select [Show Domain]
To Zoom In user must select [NEW]. Then all information will clear. Then user must select
lower LEFT location by Click on Map and upper right location by Click on Map. The select
[Show Domain]
To Replot the original Domain user select [G.D]

Then user selects the number of sub-option to use by chick box listed in Fig 144

Bathymetry Data [ Negative values represent Water area Positive Values is Dry or land area]
Sub_Option 1

[1D mathmetry profile]

User must select [Show domain] then chick box for [ 1D Data Extracting] as in Figure 144.
Fig145 will display with a new Frame area for 1D Extracting Option.
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Arabian Gulf 2D Digital
Bathymetry and Topography (D‘

[ Selected Grid Size\Domain m:

Gim -] &0
NX: 6804
Top Rigth Losation NY: 3888
224208 3260223
Show domain | New| _Guf ) ﬂ
o o

[ [ [ Cany
Dagres (de
[ [ [ Cany.
sofile Bathvmetry Distance:
Gris Bath Tntervel (m)
Depth Grid Resclution! (m)
Dir Load
Savelnp Fil:  [RCapEeD o] = | Iﬂ‘
[Rmpmmpy =
Defay Time (3ac) CHE
Setup 1D Bathymetry Profile ser | _Ear] KO

‘ Longitude: 224174.6 M
‘ Copyright @ 2011. CLS. Interface. AGBath Model . All ights reseved e Ll
Email: ksalem@histr.edu o

Figure 145
User now must select the path line were data will be extract as number of ways as follow:

1- by Click on the map Two click for Start Location And End Location
2- Manual enter start location and End Location has have two option as
-Enetr inUTM [Conver to Degrees]
-Enetr In Degrees [Convert to UTM]
Then if data location is finished and convert to Degree/UTM. User must select [Profile
bathymetry Distance] to Calculate the profile length in meter as shown in Fig 146

Arabian Gulf 2D Digital
Bathymetry and Topography L(!)"
[ Selected Grid SizeDomain ma

gth Loeati
224 3260223

Show domain | New| Gul I ﬂ

i Stop [~

Dept. Extraction [~

[2113104 3232718

istance: 621m QM

nee:
F e
Grig Bath Intarvel (m)
Dapth Grid Resotutionl ()
D Lsad
Savelnp. Fils  [ONTRSPON] o] [ ﬁ‘
ead =

Delay Time (322) CHE
Satop 1D Bathymetry Profile | _edt] KO

Figure 146

[AL-Salem 2005] 104



1.

Then in Fig 146 user will see the following information as:

C.1.S Interface 2005

o Profile bathymetry Distance Value in meter
o Grid path interval (m). User can Change the interval size
o Grid Resolution Size (m) [Grid DX/DY]

To Display The Selected Profile path on Google map is select [ @] as Sown in Fig 147.
This option needed an internet Connect is ON

B Arabian Gulf 2D B Lol J

Ma Satellite r Arabian Gulf 2D Digital

- Bathymetry and Topography (1)
[~ Selected Grid Size'Domain ma
Select Grid Size for Domain 14

K = -| 6o
f Locat

NX: 6804
Top Rigth Location. NY: 3888
224208 3260223
Show domsin | New| _Gu | [3 b H
¥ 1D Data Extraction Stop [~
[~ 2D Data Extraction Dept. Extraction [
~1D
UTM@)  Dext

[210s092 3252351 Jrisios [r2s2ms Conv,
Dages (4e2)
[as021 [2536713 [ 4302607 2937056 Conv|

Profile Bathvmetry Distance: 621 m 9 _Unioad |

I Hie
Grig Bath Intervel (m)
Depth Grid Resolution! (m)
Load

Dir
Save Inp. File = | =0
o 8 =]

Delay Time (Sec) - CHE
Setop 1D Bathymetry Profile Set eat| O

Imagery 2019, CNES / Airbus, DigitalGlobe | Terms of Use =

N e
‘ Copyright @ 2011. CLS. Interface. AGBath Model . All rights reseved
Email: ksalem@kistr edu kw

Figure 147

User must Setup the output file name where data will stored in

Then to start extract data user must select [ Set | ] in Fig 146.
Figure 148 display plot of the select bathymetry profile as 1D plot.
Figure 149 display extract bathymetry file table data [ Edit ]
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[ 5 Bathymetery Profile From KSurge Maodel Lﬂ1
Scale Print  Exit
s — Bathymetery Profile (m)
— 41
E
2 3
& o
g
E
£ o |
@ ]
-2 T T T T T T T T T T T
o ] o m =] m oM (o] o (2] o o (23]
= % I B & 4 ® § I F B 8
Diatance from Shallow water location{m)
S ry
K. Al
Figure 148
f3 PathDep.txt - Notepad = [E &1
File Edit Format View Help
Table for Bathymetry Data e
AGBath Model (C.I.s 2016)
13
210809.2 211310.4 3252351 3252718
2
Tongitude Latitude
U™ (m) Deg U™ (m) Deg Cum-Dis{(m) Elevation(m)
210809 48.021 3252351 29.36713 599 3.9
210849 48.02141 3252380 29.36741 550 1
210889 48.02182 3252410 29.36768 499 1
210930 48.02223 3252439 29.36796 449 -0.5
210970 48.02263 3252469 29.36824 400 -0.6
211010 48.02304 3252498 29.36851 350 -0.7
211051 48.02345 3252528 29.36879 299 -0.8
211091 48.02386 3252557 29.36906 249 -0.8
211131 48.02427 3252587 29.36934 200 -0.9
211172 48.02467 3252616 29.36961 149 -0.9
211212 48.02508 3252646 29.36989 99 -0.9
211252 48.02549 3252675 29.37016 50 -1
211293 48.02589 3252705 29.37044 0 -1.1
14
4 b )
Lnl, Coll
Figure 149
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Sub_Option 2

[2D area Bathymetry data]

User must select [Show domain] then chick box for [ 2D Data Extracting] as in Figure 144,
Fig150 will display with a new Frame area for 2D Extracting Option.

C.1.S Interface 2005

User now must select the area were data will be extract as number of ways as follow:
1- by Click on the map Two click for lower left location and second click for upper right
location
2- Manual enter lower left location and second enter for upper right location
-Enetr inUTM [Conver to Degrees]
-Enetr In Degrees [Convert to UTM]
Then if data location is finished and convert to Degree/UTM. User can see the selected area

location on Google Map by select [ U] as Sown in Fig 151.
This option needed an internet Connect is ON

User must Setup the output file name where data will stored in
Then to start extract data user must select [ EXTRACT ] in Fig 150.
To convert Result data from UTM TO Degree user must select | CONERT ] in Fig150

To Send 2D bathymetry Data to Analysis the Sea-Level Rise model [Q8Sr model developed by:
Al-Salem 2019] by Click on Check Box in Fig 150

B Arabian Gulf 2D Bal etry (AGBath Model

Arabian Gulf 2D Digital
Bathymetry and Topography Ll)|
[~ Selected Crid SizeDomain may
Select Grid Size for Domain 1+

-] 6ol

Bottom Left Location.

190193 3240788 NX: 6804
Top Rigth Location. NY: 3388
224208 3260223
Show domain_| New | | Gulf et ﬂ

[” 1D Data Extraction Stop [~
[V 1D Data Extraction Dept. Extraction [

2D
p) = ;
LowerLeft Comer TopRight Comer ILL Load
[r0s6659  [s253008 [p102411 3256043 UTM(m)
Cony’
[ 4797796 Jro3s021 [ 4501419 [29.40028 DEGREE
Conv|
NX: 7S &
Selected Area . 423 ©
e HDE [
Depth Grid Resolstion] (m) _
EER
Sava Inp. Fila [Dep2D.txt] - [

Record Extreated: 306020

Satup 2D Bat!

Resle Convat From UTMTo Comy| | |2
Degree =

l“ Longude: 218527 7 b
Copyright @ 2011. C.LS. Interface. AGBath Model . All rights reseved s S
Email: ksalem@kistr edu ko

Figure 50
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Arabian Gulf 2D Digital
Bathymetry and Topography QJ
[ Selected Grid Size\Domain may
Sslect Grid Size for Domain 1

[Kuwait City G-5m] v| _G.D.

Bottom Left Location.

190193 3240788 NX: 6804

Map Satellite

Top Rigth Location. NY: 3888
224208 3260223
Show domsin | New| _Gu | [ 3 ) H
[~ 1D Data Extraction Stop [~
|V 2D Data Extraction Dept. Extraction [~
2D
Lower-Left Comer Top-Right Comer 2L Lot
2066659 [3253908  [210241.1 3256043 UTI\Hm)
_Cony|
[ 4797796 [2938021 [ 45.01419 [29.40028 DEGREE
Conv|
N 715 G
Selected Area No: 428 9
%48 | e T
Depth Grid Resclution! (m) 5
Unload
Savelnp.File  [5P99 = ]
Dep2D ] =]

Record Extreated: 306020

Setup 2D Bathymetery Profile 2 Extract =E| ‘

QSSR modsl r

Result Convert FromUTMTo _Cony H =5
Degree =

e LA Foe )
7 y p 201 NESIArbut. i Landsat / Copernicus, U.S.
" Copyﬂght@ZOll CLS. Interface. AGBath Model . All rights reseved
Email: ksalem@kistr.edukw

Figure 151

14. Presentation 1D/2D model f By Google Map Tools [KGMap model]

Google Maps has been around for a while, but too many people are unaware of the full extent of
the services that the service can afford.

[KGMap model] uses Google map utilities to presents a simulated 1D/2D output result from
different model in Costal Information System Interface on Satellite image. To demonstrate how
to run the model is by select from Fig 152 [ 1D/2D output presentatlon by Google Map]

Figure 153 will display Main Page of KGMap. |
This model Need Internet Connection

START) CLS. Exit
Wind Data Extract
Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level
Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Output Extract
Rose Ploting

v v v v v vevvewv v

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools
Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 152
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By KGMap Interface for Gooﬁe%ap Pesentation Bt u

Start Activate End

@ KISR.

Kuwait Istitute For Scientific Research

1D/2D Output Presenatation on Google Map
KGMap Program

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

Email: ksalem@Hkisr.edulow

Figure 153
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From Fig 153 user must select [ Start ]. Fig 154 will display a map of KISR on Google map with
a number of options user should select from dropdown list as follow:

1. 1D Map

2. 2D Map

3. My office

4. File Optimizing

B KGMap Interface for Google ma

D Google sy % /8

|Se1ect Map Type Ll

‘ o \ i\\\
>\ v
o

| C]

K. Al-Salem (2018) GOOgle
—_

Figure 154

Sub_option 1
If user select [1D map] as shown in Fig 155 a number of information require to enter as follows:
User must select data format as:
X,Y data
X,Y,Z data
User must select [input file name]
User allow to set the Google map Zooming by select from dropdown list in [Map zoom Fator]
Then to show the data on Google map by Select [ Display Google Map ] Fig 156 will display
for user the data place on Google Map and Map Center Location [Longitude/Latitude in
Degrees].
To Export or print the image map user must select [SAVE ] a new Frame will appear as shown in
Fig 157 for user to Select the following:
e Print Image
e Save AS HTML file [To create HTML file for present Google map as standalone file]
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B KGMap Interface for &

% Google Map Map = Satellite
:

1D

Select Input File Format Type

2
¥ InputAsX.Y  (deg) =
™ InputAs X.YZ (deg)
Select Input File Name

12} =

Map Zoom Factor

Display Google Map @

g o
£ \,\\\\\\\ \\

%Go«twgle e | e |

Satellite

i .;("‘ % -
1D Map) = p
1D
Select Input File Format Type

2
W InputAsXY (deg) =~
[ InputAs X.Y.Z (deg)

L3
Select Input File Name

g XY1-deg.txt

Map Zoom Factor 8 :l'

2

Display Google Map
CenterMap

LONG |48.821

LAT. (20291

)l ]

K. Al-Salem (2018) Goggle

Imagery 82019 TerraMetrics | Terms of Use  ~

-Image Save

Imapl.bmp Cancel |
@ H Save As Image Print
. Save As HTML
Figure 157 —‘ AT |

PrintVeiw |
K. Al-Salem (2018) S
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Sub_option 2
If user select [2D map] as shown in Fig 154 a number of information require to enter as follows:
User must select data format as:
X,Y data
X,Y,Z data
Input as 2D
User must select [input file name].
User allow to set the Google map Zooming by select from dropdown list in [Map zoom Fator]
User must select [ Minimum Data] as follow:
Manual Enter the minimum data values by CHECK ON
Model calculate the minimum value by CHECK OFF
To convert the input from UTM to Degree user Check On [in main data was in UTM]
Then user must Select [ LOAD ] to start setup the data for Google map presentation.
To show the data on Google map user have check on of the following:
e Contour Map as shown in Fig 159
e Contour Dot Map as shown in 160
To Export or print the image map user must select [SAVE ] a new Frame will appear as shown in
Fig 157 for user to Select the following:
e Print Image
e Save AS HTML file [To create HTML file for present Google map as standalone file]
Sample of HTML file AUTO-created from KGMap model list below.

C.1.S Interface 2005

) KGMap Interface

D Googe s

[2D Map -
g 00000
Select Input File Format Type

I InputAs XY  (deg)

V InputAs X, Y.Z (deg)

I~ Input As 2D File (deg)

2
Select Input File Name

& FSRout dat
Map Zoom Factor 14 =

NAN Data 0
Frequency Data = 2, % |
Minmum Data i 4 4 \ “Z 3 : s L /L 2 :' SN
= &2s Y g : S
o - : : L5
(; \ Z

" A 3 \

Select Map Type p v - \ J

[ ; ; N\ o
) A \
I Contour Map 3 ¥ & < - b\
[~ Contour Dot .\hp = ~r" 0 \\\‘\\
i 2 ) \
< i\ W : v
P ~ - 3 ‘/‘.

a|

@ Cl

X Al-Salem (2018)
—_

Figure 158
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B KGMap Interface for Google map |
&> Google Map Map

D Map| -
2D

Select Input File Format Type

I InputAsX.Y  (deg) 2
V InputAsX. YZ (deg)

[~ InputAs 2D File (deg) 7

Select Input File Name

Map Zoom Factor m =

NAN Data 0
Frequency Data 1] -
Minmum Data [

Convert LongLat rom UTM »DEG |V

LOAD
Select Map Type
¥ Contour Map a
I~ Contour Dot Map

™ Location Info
™ Scale Backzround

l Ll

X Al-Salem (2018)

B KGMap Interface for Google map |
& Google Map Map = Satellite
-
D Map = 15
-2D
Select Input File Format Type

[ InputAsXY  (deg) 2
V¥ InputAsX.Y.Z (deg)
I Input As 2D File (deg) 2

Select Input File Name
£
Map Zoom Factor 1] -

NAN Data 0
Frequency Data |] =

Minmum Data

Convert LongLat from UTM >DEG [

LOAD

Select Map Type
I~ Contour Map
v Contour Dot Map

3 -15

seae [0 [

™ Location Info
™ Scale Background

g = 7 3 Y N e lif \ N

K. Al-Salem (2018) ¥, Imagery 2019, CNES/. A, DigitalGlobe 200m .| Terma of Use

Figure 160
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Sample of HTML file Created from KGMap model

<IDOCTYPE html>

<htmlI>
<head>
<meta http-equiv=""content-type" content=""text/html;charset=utf-8"/>
<meta http-equiv=""X-UA-Compatible" content=""1E=edge'">

<title>C.1.S.</title>
<style>
#map { height: 100%;

}

html, body {
height: 100%;
margin: 0;
padding: 0;

}
<[style>
</head>
<script>
function initMap() {
var map = new google.maps.Map(document.getElementByld(*'map""), {
zoom:8,
center: {lat: 29.291,Ing: 48.821},
mapTypeld: "satellite"

var flightPlanCoordinates = [
new google.maps.LatlLng(29.772,49.214),
new google.maps.LatlLng(29.291,48.821),
new google.maps.LatlLng(29.142,49.431),
new google.maps.LatlL.ng(28.467,49.027)
iB
var flightPath = new google.maps.Polyline({

path: flightPlanCoordinates,

geodesic: true,

strokeColor: "'#FF0000",

strokeOpacity: 1.0,

strokeWeight: 2

N
flightPath.setMap(map);
}

C.1.S Interface 2005

</script><script src=""http://maps.googleapis.com/maps/api/js?key=AlzaSyBG5W9UEomYpNK38QmpobKVRk6YKZ4ICy0""

type=""text/javascript''>
</script>

<body onload="initMap()"* >
<div id=""map"" ></div>

<br clear="all""/>

<br/>

</body>
</html>

[AL-Salem 2005]
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Sub_Option 4
File optimizing it is Toole to reduce the file data records since we are dealing with internet
option with Google maple it not except large number of data to plot on Google map.

C.1.S Interface 2005

If user select [File Optimized] as shown in Fig 161 a number of information require to enter as
follows:
User must select data format as:
X,Y data
X,Y,Z data
User must select [input file name]
User must select [Output file name]
User must select [First line Ndata On/OFF]
User must select the approximate minimum value [Select big —value if water example -100]
User allow to select [Frequency Data] that will user select how much the will reduce.

Then user must select [ Update]. A number of information will appear in Fig 161 as follows:
Updated Recodes

Original Records

Min- Z value

Max Z Value

Then that new create output File should use in Sub-Option 1 or 2 Google map Presentation

ile Length
Select Input File Format Type
I~ InputAs XY  (deg)

v InputAsX.YZ (deg)

Check Input’File

[~ Select Input file

v Select OutPut file

E.EJ FSR dat

FSRout.dat

First Line NData On/OFF [~ 2
Minmum Z-Value Data
Frequency Data 5 v

Updated Records
Orginal Records

Min. Z-Value
Max. Z-Value “

K El

X Al-Salem (2018) G°°gle
—_

Figure 161
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15.Finas Buoy and Towers Database [Measurement Data 1995-1996]
[EES161 Database]

EES161 project it was project to install wave Buoy and al-Fintas coast and 5 Towers near Auha
Island to Collect Hydrodynamic parameter data from 1993 to 1996. The location was set as
follows:

Buoy Location (Al-Fintas Coast)
48.167 \ 29.167 Buoy depth 25 m

Towers Location (Near Auha Island)

48 26001291700 T1 depth7.0m

4826001291900 T2 depth5.0m

4826001292000 T3 depth4.0m  Shallow water

4826001292100 T4 depth3.0m  Shallow water

482600\ 292130 T5depth2.0m Shallow water

To run and Extract Wave/Wind data user must select From Fig162 [ Buoy/Towers Field
Database]. Then Fig 163 will display for user to select.

'3 Digital Aths For Winc
START | CIS. Exit
Wind Data Extract
Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level
Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Output Extract

Rose Ploting

¥ v v v v v v v v v v v

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools
Bouy/Towers Field Database

Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 162
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¢

& DATA ANAL VSIS FOR
TOWER AND DATA BUOY

DEVELOPED AT HCE DEPARTMENT [1997]

start

FEESI6] PROJECT

Figure 163

User must Select Start to Run EES161 Database program from Fig 163. Figure 164 will display a
map with Buoy and Towers location.
User can select to extract data by Click on Buoy image or Tower image in Fig 164.

-
By Devices Location Nia‘p S e D &
70, '
1}

b g

[

Kuwait Bay
“q.jf‘.\ .
Y |

TOWER

Arabian Gulf

Figure 164

[AL-Salem 2005] 117



L&

Option 1
If user Select Buoy image Fig.165 will display for user to the following:

I.  Wind Data Extract
II. Wave Data Extract

59 Bouy Data Records ﬁ

C.1.S Interface 2005

BUDY DATA AMALYSIS AT
FINTAS COAST

............................................

. WIND DATA | WAVE DATA

............................................

Figure 165
Sub-Option 1
If user select [Wind data] to display wind database. Figure 166 will display to select the
following:
[DATA AVAILABLE] to select year of the wind data
[MONTH LIST] to select number of month available in database
If user selects the Year and the month to extract from Fig 167. Then Fig 168 show wind table
statistics. And frequency analysis

By Wind Speed Statistics =

WIND DATA ANALYSIS

| DATA AVAILABLE | | MONTH LIST |

WIND93.DAT
WIND94.DAT
WIND95.DAT

VWIND26.DAT

BACK

Figure 166
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[ 59 Wind Speed Statistics N M
| WIND DATA ANALYSIS |
| DATA AVAILABLE | | MONTH LIST |
VWINDI3.DAT JAN
WINDS4.DAT FEB T |
wiNDgs.DAT | MAR |
vanDes.DAT | APR T
T MAY |
JUN (o
UL T
AUG (o
SEP T
OCT (o
BACK DEC o
Figure 167 — v
b
-
g $ L BEaE = & i
DATA FOR WIND MRECTIONS AND SPEEDS AT STATION NUMBER
-EE5164
BUOY DATA AT FINTAS, KUWAIT
DATE : FEB 1093
DATA SHOWHN IN PERCENT OF ANNUAL OCCURRENCES
WIND WIND SPEED CLASSES (KNOTS)
DIRCTION 0-3 4-6 7-10 11-16 17-24 > TOTAL
N 0.76 1.49 1.34 1.64 0 0 5.23
NHNE 0.43 1.94 2.93 1.49 L] 0 6.89
NE 0.3 |4.02 2.38 0 0 0 6.79
ENE 0.3 L] L] 0 L] 0 0.3
E 1] 0 0 0.3 0 0 0.3
ESE ] L] 4.02 3.50 L] 0 7.6
SE 29 |06 2.83 373 0.3 0.3 10.65
S5E 219 1.34 313 2,38 0.3 0 9,54
s 093 |0.89 1.04 0.45 L] ] 3.36
S5W 016 |D.45 1] 0 L] 0 0.6 Figure 168
SW 2.2 0.45 1] 1] L] 0 2.65
WaW 0.01 1.04 0 0 0 1] 1.05
w 1.27  [0.75 0.15 0 0 0 2.16 PRINT
WHW 004|209 0.89 1.19 0.15 0 4,36
NV 1.4 0.6 2.24 13.86 2.38 1] 20.48
NHW 064  [1.49 1.79 5.35 2.53 0.3 15.1 BACK
TOTAL 131 1716 22,79 36.97 5.66 0.6 06.86

Sub-Option 2

User select [Wave data] to display wave database. Figure 169 display to select the following:
[DATA AVAILABLE] to select year of the wind data

[MONTH LIST] to select number of month available in database
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[DAILY DATA ] to select day number
Then Fig 170 Will Display for [Wave height, Period, Direction] in a table format every 3hr.

C.1.S Interface 2005

-
[ Field Wave Heights Data

.-

(o

| WAVYE BUOY DATA ANALYSIS |

DATA FILES | | MONTHLY DATA ‘ | DAILY DATA |
VIAVE DATA 93 1 1 | 20
2 2 21
I [VWAVE DATA 94 3 i 3 |
VIAVE DATA 95 4 4 24
5 6 25
VIAVE DATA 96 o 5 2
I 7 | 9
8 0
9 "
10 12 |
12 13
15 |
16 |
17 |
18
I
Figure 169
b
r Ny
[9. Bouy Field Wave Height Statistics 3 - ﬁ
EDIT
VWAVE HEIGHTS, PERIODS AND DIRECTIONS AT
FINTAS, KUWAIT
DATE Y/M/D| TIME H:M |HAVG (HRMS | HU3 | H1/5 |H1M0 [TAVG | TU3 | TU6 | T1IM0 | AVG |
(M) [ (M) | (M) | (WD) | (M) | (SEC) | (SEC) | (S8EC) | (SEC) | (DEG)
9312124 0:0 |0.4285|0.4791 [0.6715 |0.F575 |0.8537 (3.1652 |3.5607 [3.5141 |3.5622 |319.1
9312124 30 | 0.3546|0.3963 [0.5507 |0.6166 |0.7083 (2.6927 |3.1848 (3.3474 |3.2726 [309.4
9312124 6:0 |0.3324(0.3691 [0.5148 |0.5709 |0.6377 |2.5563 |2.0645 [3.0097 |3.0614 |309.1
9312124 90  |0.3721|0.4132 [0.5776 |0.6405 |0.7202 (3.3488 |2.7501 [3.738 |3.7197 ([313
9312124 12:0  |0.5354 [0.5934 |0.8306 |0.9232 1.0296 |3.8507 [4.3076 |4.2012 |4.2761 |327.1
9312124 15:0  |0.4633 [0.5087 |0.6973 [0.7677 |0.8535 [3.1039 (3.5019 |3.55290 (3.6748 |[336.4
9312124 18:0 |0.2854 [0.3199 |0.4496 (0.502 |0.5755 |2.4402 [2.7633 |2.8054 (28116 [321.8
PRINT
BACK
Figure 170
-
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Option 2

C.1.S Interface 2005

If user Select Towers image from Fig.164. Figure 171 will display for user all 5 tower images to

select and extract data.
If user select [Tower 1] in fig 171 to display wave database. Only Tower 1 have wind data

recorded.

To display wave data in Tower 1 Figure 172 will display to select the following:
[DATA AVAILABLE] to select year of the wind data
[MONTH LIST] to select number of month available in database {Click on Run}
[DAILY LIST] to select day number {Click on Run}
If user selects the Year and month and day to extract from Fig 172.
Then Fig 173 show wave table every 3hr show.

To Display wind Same procedure as in Wind Section.

>

B3 Towers Location List

&TOWER DATA AT SOUTH

FAILAKA ISLAND

[AL-Salem

2005]

TOWER -1 TOWER - 2 TOWER -3 TOWER -4 TOWER-5
WIND | WAVE | WAVE WAVE WAVE WAVE
c1994 1994 1994 NON 1994 1994
|| 1995 1995 1995 NON 1995 1995
1996 1996 1996 NON 1996 1996
I 1997 1997 1997 NOW | | 1997 1997
BACK
L S —
Figure 171
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-

B3 Tower Wave Data Records

=)

WAVYE TOWER DATA AMNALYSIS

DATA FILES DAILY DATA
t1wavedh.dat 1 1%
| MONTHLY DATA F] 17
2 3 18
i . 4 19 i
i i 5 20
5 G 21
5 T 22
7 8 23
g 9 24
[ | 3 10 25
11 26
12 27
13 28
14 29
15 30
L CRUAC] BACK el
Figure 172
g - w B
5 Tower Wave Data for: 413495 - ’ ™ ﬁ
EDIT
WAWVE HEIGHTS, PERIODS AND IRECTIONS AT
FAILAKA, KUWAIT
DATE ¥/M/D| TIME H:M |HAVG [HRMS | H1/3 H1/5 [HAMD |TAVG | T1/3 | TG T4M0 AVG [
(M) | (M) | (M) [ (M) | (M) | (SEC) | (SEC) | (SEC) | (SEC) | (DEG)
P5.|'5.|'4 00 0.0371 |0.0425 |0.0602 0,067 [0.0767 |2.9108 (4.5242 |4.4045 (3.9072
95/5/4 30 0.0296 |0.0347 |0.0509 |0.0578 (0.066 |2.3204 (3.4455 |3.5836 (3.7076
95/5/4 G0 0.0259 |0,0286 |0.0395 |0.0432 (00465 2,800 (4.8932 |5.9962 (5.4386
95/5/4 9:0 0.0593 |0.067 |0.0944 |0.1039 (01127 |2.4960 (2.8997 |2.8602 (2.8974
95/5/4 15:0 04837 |0.2043 |0.2763 |0.3005 (0.3462 |3.4495 (34873 |3.4435 (3.4148
95/5/4 18:0 0.201 (0.2242 |0.3109 (0.3518 |0.404 (3.8055 |3.9555 (4.0328 |4.0669
95/5/4 21:0 04123 |0.1274 |0.4781 |0.1993 [0.2266 |3.0020 (3.4446 |3.4603 (3.4300 BACK
PRINT
e
Figure 173
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16. Simulation Inundation From Sea-Level Rise Program [Q8Sr model]

C.1.S Interface 2005

16.1 Methodology

Concept of the model was aimed to carry out some of the assessments of the sea rise effect on
Kuwait coastal line region, using the numerical modeling technique. The sources of the
topography data for Kuwait land/coast data used in this study from KISR digital elevation
database from coastal information system [AL-Salem 2016, 2017]. The sea rise scenarios were
identified to be possible threats at the Arabian Gulf water, and the areas along the Kuwait coast
inside the Arabian Gulf.
The objectives were to achieved in the model as follows:

» To identify effect of the sea rise, with potential threats, affecting the Gulf region,

Especially the coast of Kuwait.
» Selected sea rise scenarios as [0 .5, 1.0 and 2 m] above mean sea level.

» To evaluate sea rise threats and hazards, from different scenarios, to the coast of Kuwait.
» Visualize potential impacts from sea level rise through maps

Kuwait coastline will divided in 11 different
sections as shown in Figure 1. The coordinate
of each section will describe in Table 1.

Figure 174
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16.2 Concept of model Methodology

Q8Sr model developed by Finite Different technic by [Al-Salem 2019]

The model concept has some limitation as:
e Cell depth having constant depth.

e System have close boundary [no outside domain input].

e Soil Porosity p=1

To simulate the sea-level rise inundation is by applying the following equation [20]

! Y Hij = P(H;; — Zdep)

NX

i-1

j-1 i

AN

Figure 175
Model formulation
Z: sea level rise increment in [m]
H: water depth [m] at mean sea level
| grid notation along Y-axis [Ny]
J grid notation along X-Axis [Nx]
Zdep set to O unless change by Z  Hij=Hi;—Z

Finite Different following these Rules formulation
Where [ 1>1 and I<Ny ]
Where [ J=1] at left boundary
Hijor Hisj or Hij <0
Zdep=Z
Where [J=NX] at right boundary
Hi1jor Hi+j or Hiji <0
Zdep =Z
Where [J<1and J>NX]

C.1.S Interface 2005
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Hi1jor Hi+j or Hijior Hij+ <0

Zdep =Z

Where [ 1= 1] at Upper boundary
Where [ J=1] at left boundary
Hi+1j or Hij+1 <0
Zdep =Z
Where [J=NX] at right boundary
Hisgjor Hija <0
Zdep=Z
Where [J <1 and J>NX]
Hi+1j or Hijior Hij«a <0
Zdep=Z
Where [ I= NY] at Bottom boundary
Where [ J= 1] at left boundary
Hi1j or Hij+1 <0
Zdep=Z
Where [J=NX] at right boundary
Higjor Hiji <0
Zdep=Z
Where [J <1 and J>NX]
Hiijor Hjjior Hij+1 <0
Zdep =Z

Figure 176

i=1

it+1

i-1

Figure 177
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To Run Q8SR model for inundation prediction from Sea level Rise.
User must select [ Simulation Inundation From Sea-level Rise ] From Fig 178.
Figure 179 Will display the main Page of the Q8SR model.
User must select [Control File] in Fig 179 to enter or select Control file was created from
[AGBath model].
The default file name created from AGBath was two file as
e Loclnp.txt as control parameter file [if user used anther name check inside the file the
depth file name should be correct and path]
e Dep2D.txt as bathymetry data extract from AGBath model.
These were store in [ C:\Wave\Q8Sear\Data\]
Then select [Start] in Fig 179 to Load the domain Bathymetry Contour map as shown in Fig 180

I

C.1.S Interface 2005

Wind Data Extract

Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level
Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Output Extract
Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map
1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database
Simulate Inundation From Sea-Level Rise
Grid Stsem

Figure 178
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B QBSRmodel For Sea-Level Riselnundation e e (S
Control file Start End

Control File Usad

K.LS.R.

l Kuwait Istitute For Scientific Research 3 Edit  Close

Copyright @ 2019. Khaled Al-Salem. Q8SR Model .|
All rights reseved

Email: ksalem@kisr.edukw

p— —

Figure 179
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By Sea-level Rise In

C.1.S Interface 2005

o e

E 2D Sea-Level Rise =+

Selected Area
Lower-Left Comer Top-Right Comer
[206s65.5 3253008 [102411 [256043  UTMm)

Zoomed Seale ™ o M | [EEEEE]

Info Grid Na/N; 715 428

Cel Grid Resolutionl (m)
Grids -
[00] e

CLS Map

Total Domain

Com Datum r

Loaé Inp. Depth IC'\Wave‘QEScaR‘\Dnh‘\DeplD txt r
Load Ovt Dept [E=] |0 TWave!(Q8SeaR Ot elr??. txt r
Load Index [Sat] C\Wave/Q85eaR | Out|Sat™ txt r

Sea Rise TimeSeri Min. Masx. Iner.

ea Rise TimeSerious

10 12 0.1
Simulation Marchin tion
Top ToBottom [ BottomTeTop [ RightToLeft [~
Land Hx-Color

Wat Dry CellLost  *
Cell Information
|¥ Generat GMT File Format +,
\_’*?J Y

[ Stop SeaRise: [~ Show analysis

Copyright @ 2019, Khaled Al-Salem. Q8SK Model . Al rights raseved Scate o) | NN

Figure 180

Figure 180 display a number of information on the Selected Domain area as follows:
I.  Lower-Left and Uper-Right corner on Domain Select in UTM
Il.  Reload option to Recalculate and plot map
1. Total Grid Number in Nx / Ny
IV.  Cell Grid Reslution (m)
V.  Total domain Grids
VI.  Pencolor Size
VII.  Load Input depth file (m)
VIIIl.  Sea Level Rise Time Series as [Min/Max/Interval] (m)
IX.  Finite different Marching Simulation:
e Top To Bottom
e Bottom To Top
e Right To Left
User must select the following to start
1- Sea-Level Rise time series [Min/Max/Interval]
2- Finite Different Marching Type
3- Check box for :
Check ON : for GMT output format
Check OFF : Surfer program Format

After All Entry Checked and entered user Select [ ‘t_? ] to start simulation the Inundation
Prediction for each Sea level rise increment selected as shown in Fig 181
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[ Sea-Level Rise Inundution For Kus

EEE 2D Sea-Level Rise +|

Selected Area L
Lower-Left Comer Top-Right Comer
2066655 [325308 [p102411 (3256045 UTM(m)
Zoomed Scale [ ° Map Reload
Tnfo Grid Nx/Ny
Cell Grid Resolution! (m) 4
okt
Com Datum [ [02] J
Load Inp. Depth C: Wave! QSSmRDmIsDep)D txt r
Load Ovt Dept [Elr] - |C:Wave!Q8SeaR! Out'slt??.txt r
Load Index [Sat¥] C:Wave\(Q8SeaR OutSat??.txt -
Min. Max.

Sea Rise TimeSetious
li B !7

Simulation Marching

Top ToBottom [~ BottomToTop [ RightToleft [

Land i Colr

Wt S
Cell Information 190059 | [ 113961
Iv Generat GMT File Format
I~ Stop SeaRise (m): 2 [ Shu

@

Simulation Result Display
WetDry Cell Analysis [FSat dat] O E
Show Out Dept. File [Elr] m} -

Map Lost Cell [Sat# dat and Elr dat]
Edit

C:WaveQBSeariont

Plot Total A [] Cell: Drv=sWar  [] T

Copyright @ 2018. Khaled Al-Salem. QSSR Mods1 . All rights rasavad Scale (m)

Figure 181

To Display the simulation Results user must select the check box [ Show Analysis ] as shown in
Fig 181. A new Analysis frame will appear for foIIowmg Presentation:

If user check one the following then Click on { ! 3 } to run:
e [Wet/Dry Cell Analysis [Fsat.dat] to edit final analysis file As shown in Fig 182
e [Show Out Dep File [Elr*.dat] To display Map on Inundation for Select Sea-Level Rise
step. As shown Fig 181

File Edit Format Yiew Help

Q8sr Model -
SeaRise Inundation Analysis
(Al-salem 2019)
Final Sea Level Rise Inundation For Each Scenarios
Bathymetry File used:C:‘\Wave\Q8seaR\Data\DepZD.txt
Control File used:C:\Wave\Q85eaR\Data\LocInp.txt
Domian Area:
LongitudeCumt): 206665.9 210241.1

Latitude(umt): 3253908 3256043
Total grid Nx/Ny
715 428

Grid Resolution(m): 5
Sea-Level Rise Steps(m):0 To 2 Step of:1
Total simulation output files

3

SeaRise wet Dry Lost Cell Total Area
m # # # MA2
00.0 174772 131248 0000 0
01.0 182633 123387 7861 196525
02.0 190059 115961 15287 382175
Figure 182 || . ;
Lnl, Coll
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If user want to locate all Cell Went From Dry cell To Wet cell which show the inundation area
on A map for Select Sea-Level Rise step As shown Fig 183 must select two file name as follows:
e [Load Out Dept. (Elr#.dat)]
e [Load Index (Sat#.dat)]

Then Click on [ﬁ ] to display the map.
Two Result will allows user to select as
o [Edit] To Edit the select file as in Fig 184
o [;f,| Show inundation Perdition on Google Map {Need Internet Access} as in Fig 185

To Display the total area lost for Each Sea-Level Rise Increment as 1D plot.
User must chick Box [ Plot Total Area ] in Fig 186

To Display the total number of Cells lost [From Dry to Wet] for Each Sea-Level Rise Increment
as 1D plot.

User must chick Box [ Cell Dry=>Wet ] in Fig 187
Then to show click on [li\ ]

@ 2D Sea-Level Rise =/

Selected Area
Lower-Left Commer Top-Rizht Comer
10s665.9 3253908 [rr02411 3236043 UTMAm)

Zoomed Scale [ ° Map Raload
Info Grid Nx™N: 715 428

Cell Grid Resotutiont (m)
Total Domain Grids

]
-
Core Datum [~ il
Load Inp. Depth [ Wave|Q8SeaR Data Dep2D. st r
Load Out Dagt (B2 [CWave QSSeaRloutield dat
Loadloden [S3:5]  [CWave QSSeaRlout Satldat
o Mia. Max. Incr.
Sea Rise TimeSerious FF
Simulation Marching Option
TopToBottom [ BottomToTop [~ RightToLeft [
Land Hx-Color ] Retosd
Wt CellLost !

Doy
Cell Information 150058 115961 15287

Gp | 7 Generst GMIT File Fomat )
[ Stop Sesiss(m): 22 [ Showanalysis ———

CLSMap

<7

Simulation Result Disple:
Wet/Dry Cell Analysis [FSat.dat]
Show Out Dept. File [Elr] m]

CiWave\QBS=aRiont!

Plot TotalArea  [] Calls Dey=>Wet [

Map Lost Cell [Sat®.dat and m.aa;i]t g‘
%)
1

11 37

Copyright @ 2019, Khaled Al-Salem. Q3SR Modal . Al sights rasevad Scate )
.

Figure 183
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B FWeet.lat - Notepact e —

.'.I
I‘Eile Edit Format View Help |
QB8SR Model -

(aAl-salem 2019) (3
Total Cell Becomes Wet From Dry:
Bathymetry File used: C:\Wave\Q8SeaR\Data\DepZ2D.txt
Simulted Oytput Depth file used: C:\Wave\Q8SeaRMouthelrl.dat
Related Index file used: C:‘\Waveh\Q8seaR\out\sat?.dat
Domian Area:

Longitude(umt): 206665.9 210241.1
Latitude(umt): 3253908 3256043
Total grid Nx/Ny: 715 % 428
Grid Resolution(m): 5
Total Domain Gris: 306020

sea-Level]l Rise Steps(m): 0 , 2 Step of: 1

Total area Lost: 382175 MAZ at selected Steps
15287
Longititude Latitude New Dept 01d Dept
UTM UTM M M
208808 3255323 -2 0
208813 3255323 -2 0
208818 3255323 -2 0
208823 3255323 -2 0
208828 3255323 -2 0
208833 3255323 -2 0
4 k
Ln6, Col 36
Figure 184

B KGMap Interface for Google map.

%Go gle Map Map | Satellite
- S

2D

Select Input File Format Type
I InputAs XY  (deg)

¥V InputAs X, Y.Z (deg)

I Input As 2D File (deg)

Select Input File Name

2
2

8|
Map Zoom Factor lm—_.]
NAN Data 0
Frequency Data u =
Minmum Data O
Convert LonglLat from UTM >DEG [V
LOAD

Select Map Type

I~ Contour Map ﬁ
¥ Contour Dot Map

-3 -15 .
scae 1 [

I Location Info
™ Scale Background

l C]

K. Al-Salem (2018)
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Figure 185
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17.Grid system

C.1.S Interface 2005

To Show Coastal Information System Grid Domain for Wave/Wind
User should select the option from Fig 188. Figure display the Main Page for user the select.

START | CIS. Exit
Wind Data Extract
Wave Output Extract

Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level
Evaporation Over the Arabian Gulf

Mean Sea Level Pressure in Arabian Gulf
Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Qutput Extract
Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map
1D/2D output Pesentation By Google MAp Tools

Bouy/Towers Field Database
Simulate Inundation From Sea-Level Rise

Grid Stsem

Figure 188
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=]

[ CLS Grid System Location For Wind/Wave

- e . s e -
-

Exit

KISR Coastal Information Grid System

Mew| Show | &G.| I Limits Domain

i Show CIS Grid Node Location

r DOMATN LIMITS

[~ Wind Grid Node

[ '3 Dot Size

— CIS Grid Infi
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Figure 189
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TUnami-N2KISR Interface Digital Manual

KISR

Ssalall :AN“I

International Research Insti Kuwait Institute For Scientific Research
of Disaster Science
Khaled Al-Salem (2016)

EVALUATION OF TSUNAMI HAZARDS ALONG
THE KUWAITI COASTLINE DUE TO POSSIBLE
EARTHQUAKE AND LANDSLIDES

Developed By
Khaled Al-Salem

2017

COASTAL MANAGEMENT PROGRAM
KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
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This report presents the progress of a scientific study to evaluate tsunami hazard to the
Arabian coast with a particular interest to Kuwait. It has been identified from historical and
literature reviews that tsunami for the Arabian Gulf regions, except from the extraterrestrial
source, can be generated by submarine earthquake and landslide sources. The submarine
earthquake can possibly occur at the Makran Subduction Zone, offshore of Oman, and the
landslides, are from tall cliff along the Iranian coast. A series of numerical simulations were
performed applying a well-known original tsunami modeling computer code developed at
Tohoku University and low resolution and accurate elevation data. The code was further
improved in this study by including the effects of natural tide by Kuwait instituted for scientific
Research [Al-Salem 2017]. This report presents some preliminary simulation results showing
that there are insignificant adverse effects of the tsunami to Kuwait in terms of wave height.
More information was displayed at digital atlas of the Project at remote web-address at:
[http://www.hceatkuwait.net/Q8TSUnami/Q8Main.aspx].

Tunami-N2KISR interface Code was develop by using the Following Programing interpreter
Language Code:
1. Visual Fortran F90
2. Visual Qbase 6.0
3. GMT [Generic Mapping Tools Graphics] It is high advanced Postscript coding for
developing colored map by Perl postscript coding.
4. GS Scripter program [Surfer Utility]
5. Active Script page for Remote web-coding [For Public Warning System at web-address: [
http://hceatkuwait.net/KUnami/KUnami.aspx ].
6. Objective-C for Mobile coding [For Public Warning System at web-address: [
http://hceatkuwait.net/KUnami/KUnami.aspx ].

Project Overview.
Submarine Earthquake-Generated Tsunamis

Scenario Setting Up for Makran Subduction Fault

The MSZ fault as shown in Fig 1 was considered to generate tsunami in four cases in this study.
Four earthquake scenarios were established in this study. The four earthquakes replicate an
actual biggest earthquake recorded in 1945 with the earthquake moment magnitude (Mw) of 8.3,
according to Heidarzadeh and Satake (2014). Although there is no record of Mw greater than 8.3
in this area, this study followed a scenario analysis suggested by Heidarzadeh et al. (2009),
which proposed tsunami sources from great earthquakes with Mw up to 9.0, i.e., for the running
Case E2, Case E3, and Case E4. The relationship between earthquake magnitude and fault
geometry previously proposed (Wells and Coppersmith, 1994) was applied as it gives a smaller
rupture area but higher slip and ensures the probable worst- case scenarios. Table 1 provides
details of fault parameters for each scenario considered in this study.

Scenario Setting Up for the Hypothetical Kazerun-Qatar Fault

The Kazerun-Qatar fault system is a north-trending dextral strike-slip fault zone in the Zagros

mountain belt of Iran as shown in Fig. 2. It probably originated as a structure in the Pan-African
basement. This fault system played an important role in the sedimentation and deformation of the
Phanerozoic cover sequence and is still seismically active. No previous study has reported the
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continuation of this important and ancient fault system northward across the Sanandaj—Sirjan
zone. Kazerun faults were identified in the Arabian gulf. The Zagros mountain front is a reverse
fault and is not situated in the sea. Therefore, the earthquake from this fault will not probably
cause enough uplift or subsidence in the sea. The Kazerun-Qatar fault is a strike-slip fault. Table
3 provides more information on the strike-slip faults. Although the Kazerun—Qatar fault has
some significant extension into the sea at the Arabian Gulf, as shown in Figure 2.

Table 1. Earthquake Fault Parameters for Makran Subduction Zone Considered in this
Study

. Sli
Length Width Depth . .
No. M Strike Di Rake
Y (km) (km) By (km) P
55 70 10 27 246 7 89
55 70 10 27 246 7 89
CaseEl 83 55 70 0 27 246 7 89
55 70 4.3 27 246 7 89
CaseE2 8.3 200 80 8.5 27 270 7 89
Case E3 8.6 500 100 13 25 280 7 )
Case E4 9 500 150 25 25 265 7 90
400 150 25 25 280 7 )
2’
/T : Q. : N
? ' IRAN )10 PAKISTAN ' A
: 6@& 15% ! : L I : :
26 - K. T ot St e ~ e i el b G ersares el | == o b ot I Al e R =
PR e e e g
N 1 i |
e Eookees wabas|| K :
: X TR Za > 1716 |
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' 150km | . |
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20°
56’ 58' 60° 62° 64’ 86" 68"’ 70"

Fig. 1. Historical earthquakes in Makran Subduction Zone and the four blocks A to D as
segments of the plate boundary, which ruptured due to large earthquakes.
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4
446

o

Kazerun
fault

Fig. 2. Kazerun-Qatar Fault Tsunami genic sources.

Table 2. Earthquake Fault Parameters of the Hypothetical Kazerun-Qatar Fault

N Magnitude X Y Slip Length Width Strike Dip Rake Depth
Mw (m) (m (m  (m) (m)  (deg) (deg) (deg) (m)

1 8.7 404530 3430030 20 500000.0 50000.0 177.0 620 90.0 10000.0
2 8.8 404530 3430030 25 500000.0 50000.0 177.0 620 90.0 10000.0
3 8.9 404530 3430030 40 500000.0 50000.0 177.0 620 90.0 10000.0
4 9 404530 3430030 50 500000.0 50000.0 177.0 620 90.0 10000.0
S) 9.065 404530 3430030 65 500000.0 50000.0 177.0 620 90.0 10000.0
6 9.2 404530 3430030 100 500000.0 50000.0 177.0 620 90.0 10000.0

Landslide-Generated Tsunamis

Scenario Setting Up for Landslide Source

Earthquake-induced coastal landslide might have been the cause of the large tsunami waves
(Mokhtari, 2011). Even while it was not confirmed, coastal landslide triggered by seismic motion
may generate future tsunamis in the Arabian Gulf region. Based on the possible landslide-
generated tsunami in 1008 AD in the Gulf in Siraf, five possible areas for coastal landslides
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(Cases L1 to L7) were identified at some of the Iranian coasts where the land elevations are
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higher than 500 m and are close to the sea. Locations of the landslide site for Cases L1 to L7 are
given in Fig. 3. Coastal landslide parameters used for the seven cases considered in this study are

shown in Table 3.

Table 3. Coastal Landslide Parameters for the Assumed Scenarios inside the Arabian Gulf

No. Volume (km®) Length (km)  Width (km) Thickness (m)
Case L1 1.0 20 5 10
Case L2 1.0 20 5 10
Case L3 1.0 20 5 10
Case L4 1.0 20 5 10
Case L5 0.5 10 5 10
Case L6 1.0/1.5/2.0 20 5 10/15/20
Case L7 1.0/1.5/2.0 20 5 10/15/20

Fig. 3. Locations of coastal landslide in the Arabian Gulf region for Case L1 to Case L5.

Source of the Topography and Bathymetry Data

Arabian Gulf

[AL-Salem 2005]
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In this study, different-high resolution satellite images and topography and bathymetry data were
used. The images were either purchased or obtained from any available free source. The images
were processed to obtain a new set of satellite-derived bathymetry and land elevation. The data
were from local digitized navigational charts and free data available from different sources. Both
data were used to create seamless elevation and bathymetry map of the Arabian Gulf region and
part of the Indian Ocean/ Arabian Sea. The new data were created after interpolating (preserving
the original data values), resampling, clipping, and post processing of six original data as shown
in Fig 4.

Google earth

Fig 4. Multiple grids system.

Tsunami Numerical Modeling

Method for Submarine Earthquake-Generated Tsunami Simulation

Numerical simulation of far—field tsunamis was carried out using the code that was developed by
Tohoku University, which was called the Tohoku University’s Numerical Analysis Model for
Investigation of Near—field tsunamis (TUNAMI) code (IUGG/IOC TIME Project, 1997). The
model was updated by [Al-Salem K. 2017 at KUWAIT INSTITUTE FOR SCIENTIFIC
RESEARCH]. New tsunami model TUNAMI-N2KISR and model interface has been
successfully developed and two-dimensional (2D) Tidal level prediction was developed and
coupled inside the model interface. The model has been tested successfully with the newly
available DEM for prediction tsunami wave prediction with and without the effect of tidal level.

Coupled 2D Water Level Prediction Model with TUNAMI-N2KISR Model.

KISR-Coastal Management Program developed a 2D tidal model, which can predict tide level at
any time covering the whole Arabian Gulf and Gulf of Oman region based on KTide model (Al-
Salem, 2006, 2008 and 2012). The tide water level distribution at an hour’s interval is shown.
These results suggested that there are several rapid changes of the water level at different
locations (especially at the head of the Arabian Gulf), which should have some significant effect
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on tsunami wave propagation. Figure 5 shows Comparison of water level prediction at Al-
Ahmadi-Kuwait from KTide 2D model and KTide 1D model [developed by Al-Salem] at
[http://www.hceatkuwait.net/web_pas/web-ktide/default.aspx]
Figure 6 display Results of the newly developed 2D tide model showing the distribution of water

level in the A

I

rabian Gulf from tide at hourly intervals.
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Fig. 5 Comparison of water level prediction at Al-Ahmadi-Kuwait from KTide model and
2D water level prediction on 1 June 2016 and Ras Mushaab-Saudi Arabia.

Modeling of the Landslide-Generated Tsunami
For coastal landslides, tsunami generation was simulated using the two-layer numerical model
developed by solving nonlinear long-wave equations within two interfacing layers with
appropriate kinematic and dynamic boundary conditions at seabed, interface, and water surface
(Imamura and Imteaz, 1995). The coastal landslide was calculated by the 3D slope failure
analysis method to define the actual possible failure volume in detail. The two-layer numerical
model simulates landslide-generated tsunamis by modeling the interactions between tsunami
generation and submarine landslides as upper and lower layers Fig. 7. The two-layer model
implemented with TUNAMI-N2KISR model solves the nonlinear equations of mass and
momentum conservation in two layers, which have the interactions between upper and lower
layers. The initial condition of lower layer calculated from coastal landslides can generate
tsunami waves in the upper layer by means of the interactions between these two layers.
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Fig 6. Results of the newly developed 2D tide model showing the distribution of water level
in the Arabian Gulf from tide at hourly intervals.

Fig.7. Definition of two-layer profile
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TUnami-N2KISR Model Demonstration

C.1.S Interface 2005

PREDICTION Of TSUNAMI HAZARDS ALONG THE ARABIAN GULF AND GULF OF OMAN
COASTLINE DUE TO POSSIBLE EARTHQUAKE AND LANDSLIDES

[Al-Salem K 2017]

More Info. Website : http://www.hceatkuwait.net/Q8TSUnami/Q8Main.aspx

User can run the TUnami-N2KISR interface from [Coastal Information System CIS] interface
Then Figure 8 will display the main TUnami-N2KISR main page as follows:

"5 TUNAMI-N2KISR MODEL
[Strt Bt Activate

..... ional Research Insti Kuwait Institute For Scientific Research

KISR

aalalt Sihaw U

Khaled Al-Salem (2016)

Figure 8

Figure 9 will display after user select [ START]. Figure 9 is main model page displays a number

of options for user to selected as follows:
Option 1: Info. Section

Option 2. Two check box [Set Region and Resize]
Option 3: Model Simulation
Option 4: Analysis

[AL-Salem 2005]
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Model Simulation Info Analysis Back

[" Rsize [~ SetRegions TUNAMI N2KISR

T

DOMAIN LIMITS
109393 2198923

2660893 3485608 Kuwat Institute for
New| Show Gulf 292 - F HTRAR

Copyright © 2016 Khaled Al-Salem (KISR-Kuwait) And Intemational Research Institute of Disaster Science (TOHOKU Univer-Janpan) TUNAMI_N2KISR InterFace...All rights

Figure 9

If user select OPTION 1

User select option 1 from Figure 9 a number of sub-option will display for user as shown in
Figure 10 for the follows information as

e Show mozaics [To display sub-Grids area Location as display in Fig 11]

e Regions images [To display sub-Grids Image area Location as display in Fig 12]
e Bathymetry  [To display System Area Bathymetry as display in Fig 13]

e Epicenter Location

e Pre-Scale

Copyright © 2016 Kbaled A\ Saem (KISR Kowait) A ternstions! Rassech nsttute of Disster Sceoce (TOHOKU Usiver Jispan) TUNAMI_NOKISR loterFace. Allrights

Figure 10

[AL-Salem 2005] 144



C.1.S Interface 2005

v
5 TUNAMI-N2KI

_———— —— & RegionImages
Model Simulation Analysis  Back M‘w‘
T T
[~ Rsize [~ S“ Show Mosaics »| Mosaic0 G-1215 Region 2 From Masiac 1 Grid Size 405m Region 3 Grid Size 135m s
| g > i — . - = R TETTYE) e
PONEEy Regionlmages Mosaic1 G-405 R s TR AR e o8 R isis
o TR i | .
y B e » Mosaic2 G-135 “li, Ry | 4 |
= EpiCenter Location Mosaic3 G-135 ] 3 « W RAIMS -
3 el | R-53M-5
Pre-Scale » Mosaic4 G-135 \ | 3 M-
NEWS » Mosaic5 G-135
Show Satilite Image Mosaic6 G-45
Setup Zoomed Scale » Mosaic7 G-45
Activate Mosaic8 G-15
Mosaic9 G-15
Mossic10 G-15 sion 5 Grid Size 15m
Sal =
R-15M-9
Mosaic11 G-5 R-25M-10
Mosaic12 G-5 R-35M-9
N R-45M-8
Mosaic13 G-5 R-55M-10
Mosaic 14 G-5 R-65M-9
Mosaic 15 G-5
Mosaic16 G-5
" Mosaic 17 G-5
<
& Mosaic18 G-5
/ Mosaic19 G-5
; = Mosaic 20 G-5

Figure 11 Figure 12

Model Simulation Info Analysis Back

[T Rsize [~ SetRegions TUNAMI N2KISR
DOMAIN LIMITS
‘1 p 108393 2198923

23

&

, S

3 : 2660893 3485608 Kuwait Institute for
Scientific Researcn

New| Show Guf 99zt HTRAR

Longitude: 3984353 M
Latitude : 3417763 M

Copyright € 2016 Khaled Al-Salem (KISR-Kuwait) And Intemmational Research Institute of Disaster Science (TOHOKU Univer-Janpan) TUNAMI_N2KISR IntecFace.. Al ights

Figure 13

If Select Option 2. Check box [Set Region ]
In this section user can start new project. User must check [Set Region] on Fig 13 then Figure 14
will display for user number information to start project. A number of Check boxes will display
for user at Figure 14 as follows:

e SetUp Model Region

e SetUp Water Level 2D KTide model

[AL-Salem 2005] 145



L&

e SetUp Region Connections
e SetUp Initial Deformation
e SetUp Output Points Location

C.1.S Interface 2005

B3 TUNAMI-NZKISR MODEL E-E
Model Simulation Info  Analysis Back
[ Reize 7 {Sei Reiond v rnpd UNAMI N2KISR
Foves "L::.:EIISEHS
N ]m g‘u‘:n\umuww tor
SetUp Model Regions r
SetUp Water Level (KTide) -
SetUp Region Connection -
SetUp Initial Deform -
SetUp OutPut Point Location r
e IS
ch}m.‘rht © 2016 Khaled Al Salem (KISR-Kuwait) And International Research Institute of Disaster Science (TOHOKU Univer-Tanpan) TUNAMI N2KISR. InterFace.. All rights
Figure 14
If user select: SetUp Model Region
Figure 15 will display 6 model regions for user to setup new
. _ o
project as: Tide) r
e Parameters For Region 1 that cover area of Arabian Gulf SetUp Region Connection r
SetUp Initial Deform -
and Gulf Of Oman SetUp OutPut Point Location r
With grid size resolution of 1215m dx/dy se Figure 12
Load Project Input Pages

e Parameters For Region 2 that cover area of Arabian Gulf

With grid size resolution of 405m dx/dy see Figure 12 S -
e Parameters For Region 3 With grid size resolution of Parameters For REG 3 r

135m dx/dy. divide into sub area of 6 inside Arabian S -

Gulf see Figure 12. Parameters For REG 6 r
e Parameters For Region 4 With grid size resolution of

45m dx/dy. divide into sub area of 3 inside Kuwait Figure 15

waters see Figure 12
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e Parameters For Region 5 With grid size resolution of 15m dx/dy. divide into sub area of 6

inside Kuwait waters see Figure 12

e Parameters For Region 6 With grid size resolution of 5m dx/dy. Divide into sub area of 8

inside Kuwait waters see Figure 12

User must active for each grid area connection only Region 1 by default is activated.

Figure 16 show Parameters area of Region 1
Figure 17 show Parameters area of Region 2
Figure 18 show Parameters area of Region 3

[ Region 1 Inputs Parameres l

Close
TUnami-N2KISR Parameters Input

Region 1 Parameters

IF1: Number of X grids Dimension 2100
JF1: Number of Y grids Dimension 1060
DX1: Horizontal grid size along x direction 1215
Dyl: Horizontal grid size along y direction 1213

End X2
End Y2

Start X1 108785 2660283
Start Y1 2198315 3486213

Default Name for Region 1 file I € TUNAMI-N2KISR bathymetry' Regionl dat

Figure 16

Parent Map Close

TUnami-N2KISR Parameters Input

Region2 Parameters  Fi3
IF1: Number of X grids Dimension

Y
=
S

JF1: Number of Y grids Dimension 2100
DX1: Horizontal grid size along x direction 405
Dy1: Horizontal grid size along x direction 405
From Left Start X1 169333 30 End X2 1208270 | 980
Border R2
IndnF Lower  Start Y1 2514213 260 End Y2 3363300 | 960
Parent Grid ID Number ! Mosaic Number I 0
Parent Index X1 108783 Parent Index X2 2660283
Parent Index Y1 2198313 Parent Index Y2 3486215
Default Name for Region 2 file I C TUNAMI-N2KISR bathymetry'Region2.dat

-
[ Region 3 Inputs Parameters

Figure 17

ParentMap Draw User Close

TUnami-N2KISR Parameters Input

Region 3 Parameters 1% v R23 [ rR3B R43 [0 R R63 [ R [

IF1: Number of X grids Dimension I 560 I 450 I 810 I 960 I 630 I 0 Looo

JF1: Number of ¥ grids Dimension | 1950 | 600 | 1200 | 1140 | 500 | 1050 1000

DX1: Horizontal grid size along X I 153 I 15 I 135 I 153 I 133 I 133 133

Dy1: Horizontal grid size along Y I 133 I 133 I 133 I 133 I 133 I 133 [ 3 Region 4 Inputs Parameters g

[ o j 169533 | 640 ]-us?ajlm j mmslmc] '-‘6083i|1’-SUJ 890435 | 600 ]-mml

| ParentMap Draw User Close

|
|
|
| 135
|
|
|

Genrate Region Data And 2D Data

Start X1
B et End X2 [320 Jmml 750 Imm Imuj azmsll?fwl 300435 stcj 975485 [ 850 | 513785 | TUnami-N2KISR Parameters Input
g = = — s - Region 4 Parameters. R RMT  EHF RUT
Lns ¥ From lomer Start Y1 |j4zc szuﬁﬂ 330 ]zsmﬁi| 600 Jhlll?l 300 Izﬁ}ylil 580 11.4911T|15Tc Inﬁzzlil . L1 Number of X grids Dimension IW ,W — IW
Endyz |00 jiawnlllﬁﬁ Izmmllm szmnl 630 ]z?sgﬁnl 880 jzmsnllhﬁ ]magml | JF1: Number f ¥ grids Dimension IW ,W IW IW
Parent Grid ID Number/ Mosaic # IT IT IT IT IT IT IT I? IT IT IT IT IT I_ : DX1: Horizontal grid size along X IT ,T IT IT
Parent Index X1 [ 160333 [ 160535 [ 160333 [ 160535 [ 160333 [ 160535 [ 160333 | Dyl: Horizontal grid size along ¥ = [= [=®= [&_
Parent Index X2 |119s110 |1zgsm |119sr.o |1zasm |119sr.o |1293m |119sr.o N Startx1 |70 (20985 3 (w0 5 | wn |
Parent Index Y1 I!ill!li Ililuli I!ill!li Ililuli I!ill!li Ililuli I!ill!li Enaxz |70 ] 273485 685 26010 o5 [2557n0] |
Parent Index Y2 |3353500 |3363iDD |3353500 |3363iDD |3353500 |3363iDD |3353500 Tndx ¥ From lower startyl % |Zliixﬁi 1115|zzsa.wn 560 Izlgmsﬂ J
Endyz 0% |maz1j 1315|a;zzm usc|mjnail J

1

FlE [P

_|
=

IT

=
-

Parent Grid ID Number/ Mosaic #

Figure 18

Figure 19

Parent Index X1 M ,W |mT |—

Parent Index X2 [ [ [2ems [

Parent Index Y1 [poves  [owes  [oues [

| Parent Index Y2 3364715 3364713 3364715 l—
Region14 | 24|  Resion3t |  Regiontd |

I Genrate Region Data And 2D Data
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Each Region page as shown in Figure 17,18 and 19 have plot option to the following
- Parent map to plot pervios region area

- Draw, to select the sub region to plot
- User, user can create sub region manually

Example connects setup

Region 1

Region 2 check

Region 3 check 3.1

Region 4 check 4.3

Region 5 check 5.1

Region 6 check 6.1

Figure 20 display user connections .

C.1.S Interface 2005

tude: 415325
de 3390419 M %

If user select: SetUp Water Level 2D KTide model

Figure 20

User after setup project connection then if user want to simulated Water level change in Tsunami
simulation model. User select 2D Ktide model; Then Figure 21 will display for main page of 2D
KTide model. User must select[ start].Figure 22 will display for user with the selected connect
are check. User must setup Date [day/month/year] and number of hours for tidal level
prediction. All predictions data will store at sub-directory TIDE. Predicted data are Hourly.
Figure 23 display after user select [Start] to complied 2D KTIDE model.
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3 KTide Program-IRIDES {TUnami-N2KISR Model)

Start  Exit

C.1.S Interface 2005

Figure 21
f B3 Water Level Time Limits SetUp [éj
Start Check StandQlne Back Exit
2D Tidal Level Predictions
Set Water Level Date
Day[ 1 Month| 2 Vear [ 2015  Total Hours
Select Regions and Sub-Region
Region 11 ¥ Region 12 ¥ Regionl3 WV Regionl4 [T Regionl5 ¥ Regionl6 v
Region23 ™ Region24 ™ Region25 [T Region26 I
Region33 ™ Region34 ¥ Region35 [T Region36 [
Region43 ™ Region44 |° Region45 [~ Regiond6 [
Region 53 Region 55 [ Region 56 [
Region 63 Region 65 [~ Region66 [
Region 73 [ Region 75 [~ Region 76 [
Region 86 [
Region 96
(1= S— —
Figure 22

r
B Pre-Ktide

File Edit View State Window Help

5| Graphicl

Figure 23
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If user select: SetUp Region Connections

C.1.S Interface 2005

User can display and load newly set connection Or saved connection by select checkbox [SetUp
Region Connections]. Figure 24 will display the setup new connect as shown in Figure 20. User
can enter

System or project name

Target area name

User can update the connect manually

User can load old saved system connect by select file from [Directory] as shown in Figure 25and
then from [File] selected load. Figure 26 display Connection Format stored.

9 System Region Connections ﬁ 5. File Directory &J

File Directory Close Bt
| = e T1z08807008] |
System Connection for TUnami-N2ZKISR. =T n
3 TUNAMIH2KISR 3

1 1D0bs10Loc
System |iEnter Name [
Caas

_D Ainiim - i

Casel.dat

Caze2 dat

Resondcive [T [2 [31 [43 [51 [1 = I
Cazehypl00.dat

R-Connection - . Casehyp2 dat
Lower-Left Upper Right Casehyp25. dat

. Casehypd 0 dat
Region 1 To 2 51| 261 | 981 | 961 Caschypsl dat
Cazehyp 7. dat

IE
Region2To3 | 1 |1451 | 321 |2101 Chkcst
|

Target |Enter Target Name

»
=

m

Conckl kat
conch2. bt
6 | 961 | 656 | 1361 concB3
ConcB5. bt
Regon4To5 [361 [ 191  [1161 [ 621 S
ConcEa ket
ion 5 [ratal.
Region5To6 | 1101 | 801  |1801 |1201 Datal s
Fronc.txt

Total Connect Region 6 :Emﬁt;tat
filedat. dat
fileqrd. dat &7

Region 3 To 4

Figure 24 Figure 25

Case 61,Ras alard,1,2,3.1,4.3,5.1,6.1,51,261,1,1451,6,961,361,191,1101,801,981,961,321,2101,656,1361,1161,621,1801,1201

Coordinate of lower left and upper right corner for each sub area grid

Tagret name Coamecrion Sub-
System - Grid area

Stored connect format file

Figure 26
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If user select: SetUp Initial Deformation

C.1.S Interface 2005

After all regions connection are setup then user must start initial deformation by checkbox
[Initial Deformation] then Figure 27 will display.

To setup initial deformation user must select [setup input file].

Figure 28 display the sub-area grid parameter selected . user must load saved connect file then
All sub-connect area data display and Earth Quack scenarios case for user to select by checkbox
[Fault set file data] Then user must save data. Then close page.

On Figure 27 user can see the save sub-connect data file at [Edit file].

If user want to display Epicenter earthquake location must checkbox ON.

User can start simulate initial deformation case by select [Set Initial Deformation]

Figure 29 will display the Epicenter location and Figure 20 display compilation page of the
simulation model.

17 )
\( CONTROL

SetUp Model Regions u
SetUp Water Level (KTide) u
SetUp Region Connection o
SetUp Initial Deform rd
SetUp OutPut Point Location u

SetUP Input File

Edit DEF File

Edit DeFormation File

Edit Fault File

Edit Position File

Show EpiCenter On Map ™ l?

22tUp Intial DeForm Files

Figure 27
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rﬁi DeForm SetUp Page ﬂ1
Save/load Close
Faults Data
|c:'-.IUN_uﬂ-NEKJSR'-.Out'-.Case1.dat ] Load |
NoEvents No. Of Fault Segments Multiiple Fault events=1
L+ ] [2 |
Fault.Set file data
Longitude(m) Latitude(m) Shp(m)  Lenght(m)  Width(m) Strik(dg) Dip(dg)  Rake(dg) Depth{m)
W [2159224]  [2700017 25 500000 150000 265 7 %0 25000
|| o [1543507]  [2658621 25 400000 150000 280 7 00 25000
r [1869647|  [2800932 0 55000 70000 246 7 88 27000
o |1917671]  [2820783 43 35000 70000 46 7 88 27000
Defdimension.Set file data
No. No. Of Region Position.Set file data
| 1 | | & | Lower Left Comer of Region
Index X Index ¥ Grid X Grid Y Longitude (m) Latitude (m)
[2100 | [ wos0 | [1215 | [ 1215 ] [108785 |  [2108313]
[2190 | [ 2100 | [ 405 | | 405 | [169335]  [2514215]
[[960 | [weso | [ 135 | | 135 | [169535 |  [3101465]
[1os0 ] [0 | [ 45 | [ 45 | [171020]  [3231065]
[2400 ] [120] [ 15 | [ 15 ] [187220|  [3239613]
[2000 ] [0 ]| [ 5 | [ 5 ] [203720]  [3231615]
L
Figure 28

E T\‘JNAMI—NZK’[SR MODEL

Mode! Simulation Info  Analysis Back

" Rsize [¢ SetRegions

Epicenter Location for selected EarthQuak

Longitude: 2100137 M
Latitude : 326RE61 M

I8l

Copyright & 2016 Khaled Al-Salem (KISR-Kuwait) And International Research Institute of Disaster Science (TOHOKU Univer-Janpan) TUNAMI N2KISR InterFace  All rights

TUNAMI N2KISR

198315

Top Rigth Locatio
2660285 3486215
New | Show Gulf

Kuwalt Instituto for
Sclentific Research
29 z- FHTHAR

@CQNTRO L

SetUp Model Regions
SetUp Water Level (KTide)
SetUp Region Connection
SetUp Initial Deform

SetUp OutPut Point Location

I |

SetUP Input File

J—
I
I
J—
w o

SatUp Intial DeForm Filss

Edit DEF File

Edit DeFormation File
Edit Fault File

Edit Position File

Show EpiCenter On Map

Figure 29
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=

i
Fault Origin EX. EY (UTH)
Parameter DA (m)
Parameter Cm)
Parameter WA (m>
Parameter Cdeg?

Parameter
Palametet

Fault Origin EH E? CUTHM>: 1543597.8 2658621.8
Parameter H 25,
Parameter : 4800008 .
Parameter U 1 1564868.
Parameter H 288.
Parameter
Parameter
Parameter

PRE-PROCESSING IS C
SUBROUTINE CALL = DEFORM

Figure 30

Deformation files format [With Default file names]

1 File name: def.set

No. event Number of fault segments Single fault event=0, Multiple fault
event=1

2- File Name: defdimension.set

No. event Number of x-grids Number of y-grids  x-grid size y-grid size

3-File name: fault.set
Long Lat Slip Length  Width Strike Dip Rake  Depth

[utm] [utm] [m] [m] [m] [DEG] [DEG] [DEG] [m]
4-File name: position.set

Long Lat Long Lat
(bottom left)  (bottom left) (top right) (top right)
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C.L.S Interface 2005
Up to this location the project connection was set and ready for main model simulation.
User must select from Figure 29 [MODEL SIMULATION].

To Start model simulation two options will display in DropList as

2- Two layer model simulation for landslide case .
User must select option 1 for TUnami-N2KISR then Figure 31 will display the following

information shows and request as:

1. Option to coupled water level change in simulation [Checkbox On/Off]
2. To speed model simulation uses OpenMP Compiling Option then user set number of
CORE as shown in figure 32 [from Start Task Manger of PC]

g~ w

Input Total simulation time at {KL}
. User must select [Update Input]. To refresh all parameters inputs.
. Then user start model simulation Figure 33 shows model compiling.

£ Comment Main Paramteres Inputs

UpDateInput  Model Simulation  Clean Load Close

Comment Input File

TUnami-N2KISR Parameters Input

Kitide: Activated Water Tide Fluctuation On/OFF [T Hydrodynamics Input as 2D Tide Level Compiling OpenMP Option NO. Of Core Selection 3 .| 22
KL: TOTAL TIME STEP FOR COMPUTATION (sec) 3600 FM: MANNING'S COEFFICIENT 0.023
3 : N N
DT: Time Difference of Each Time Step (sec) 023 G: GRAVITATIONAL ACCELERATION (ms.5) o8
KP: TIME STEP INTERVAL FOR MODEL 30 K6: Time Step Interval For Screen OQutput 108
Region 1 P: Region 2 P Region 3 P Region 4 P Region 5 P Region 6 Parameters

IF.JF: DIMENSION [[2100 [ w60 [ 2790 | 2100 ‘ [ ‘ [ ‘ [ ‘ [
NP: Number of Qutput Point Selected 0 0 o o o o
ESNZ: TIME STEP INTERVAL (Water Elv) SnapShot 108 108 108 108 108 108
KSNV: TIME STEP INTERVAL FOR (Velocity)
KSTRT: TIME Start (Sec) 0 0 0 o 0 0
EKEND : Time End (Sec)

125 and IZE: StratEnd at X [ 100

[
25, J7E: Start End ay ¥ D

KPSW: A FLAG TO ACTIVATE "POINT"

Connection Regions FOr: s

Location of Region Lower Left Coordant ‘ |

o B [ |

r
1% Windows Task Manager

File Options View Help
Applications | Processes | Services | Performance | Networking | Users
CPU Usage CPU Usage History
i AV
HARRAE
Memory ory Usage History
Physica
Total 92465
Cached 1010
Availab 74
Free 28:21
Commit (MB) 5416 /8108
Kernel Memory (MB)
Paged 392 -
Nonpaged 95 [’»
Processes: 74 CPU Usage: 56% Physical Memory: 71%

B | CATUNAMI-NZKISR\tunami.exe

Humber of corpected bathymetry data = 22
Regiondt : 2
HMAX <(M> 3277.8

HMIN <M> -4395.8
Sqrt{2gh>= 253._4
DK A1 16

Mow Reading Bathymetry Data in Region
Numbher of corrected bathymetry data =
Regionit : 3

HHAR {M> 45.2

NHow Reading Bathymetry Data in Region
Number of corrected bathymetry data =
Region$#f : 4

HHAX C(M> 33.8

HMIN <(M> -145.%

Mow Reading Bathymetry Data in Region

Figure 32

Figure 33

[AL-Salem 2005]

154




L&

Simulation Output Display.
User can display model output as follow

1. 1D Elevation output display [Plot time series at a location]

2.
3.

2D images for image/ Animation display
1D Tide level display [Plot time series]

C.1.S Interface 2005

To start display output user must select from DropList at [Analysis] as shown in Figure 34.

B} TUNAMI-N2KISR MODI

n Info Back
1D Selected For Elevation OutPut
1D Points From SimuLation OutPut

Model Simi

I~ Rsize v SetReg

1D Tidal Level
2D Images for Image/Animation

Longitude: 4916385 M g f
Latitude : 3486215 M f

Copyright 2016 Khaled Al Salem (KISR-Kuwait) And Intemational Research Institute of Disaster Science (TOHOKU Univer-Janpan) TUNAMI_N2KISR InterFace.. Al rights

SetUp Model Regions
SetUp Water Level (KTide)
SetUp Region Connection
SetUp Tnitial Deform

SetUp OutPut Peint Location

I I

Figure 34

If user Select; 1D Elevation output display

user must select 1D Elevation plot from DropList at Figure 34
then Figure 35 will display to setup the Extraction data at
selected locations and time limits as follows:

1.
2.
3.

Select Grid Region [For Multi-Grid region simulation]
Select time Limit [Start to End] and interval steps.
Set input direction by default [C:\TUNAMI-
N2KISR\result\elr\]
Set out directory by default [CATUNAMI-
N2KISR\Out\]
Then user must select to setup files names as [Start]
User can select location for extracting elevation output
data by Click On the map as follows:
e User must enter location number
e Then Checkbox [On/OFF]
e Then user start to click on map for the location
e User must [End and Save]

TUNAMI N2KISR

DOMAIN LIMITS
108 2198315 @

2660283

Kuwait Institute for
Sclontific Rosearch
New | Sho= D9 x— FHTYERR

Project 1D Output

Grid Region [ Select Region v

Directory Output Files

Time Start I'_ End [— step| !

Input Path [ C:\TUNAMI-N2KISR result els
OutPath [ CTUNAMI-N2KISR Out
Extract Data From LandShde Single Gnd (1 Or2)

i

“TuuT

Extract Dzta From LandShde Mult. Gnid (2 To 6)
SetUp Files Names Start
I C TUNAMI-N2KISR 'out'locR1.bin :J

Location File
Number of Location 1 [~ On/OFF UgDate

End And Save v

5

Chack Dept  Dr:0.25

Generat 1D Images

Extract Data locpltl.bin
1 EnterLocation® [~ .
All Location v Q"‘
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1.
Figure 35

e User can edit location and Check the selected location depth.
7. Then user start to Extract Data by press on [EXTRACT DATA]

8. Todisplay 1D plot Click on [M ]. Then Figure 36 will display the Extracted 1D plot
for All location and Figure 37 for Signal location

19 Tunami NIKISA Chart it S
Stale Prent  Exit
7 "\
o WA — 20 N3 —HAm)  —H5m)
10
05
€ oo
S
054
||
204 \
T L L L L . v \
=) ] - o « @ ~ 9 « o ~ ~ © @ £ e
- N o - "~ o o = m - @ @« : @
w
Tima (b} 1
L. >
Figure 36
19 Tunami NZKISR Chert o]
Stale Peet  Exit
A L
10
05
£ oo
kS
05
U
A0 N
13 - y - - - - \
= . -~ o = @ ~ © < o " ~ © @© £ o
- 5 - - ~ e o g © = @ @ 7 @
Tima () |
(- 7
Figure 37

If user Select; 2D images for image/ Animation display.
user must select 2D image/ Animation from DropList at Figure 34 then Figure 38 will display
to setup the Extraction data at selected locations and time limits as follows:

1. Select time Limit [Start to End] and interval steps.
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2. Set input direction by default [C:\TUNAMI-N2KISR\result\elr\]
3. Set out directory by default [C:\TUNAMI-N2KISR\Out\Anim\]
4. Select Grid-Layer Number from Droplist [By default Grid-layer Region Selected]

C.1.S Interface 2005

5. Then user must select to setup files names for Surfer to create 2D Animation [M]

And enter interval time step. Figure 39 will display option of 2D/3D animation option.
6. Set Contour Level file information by default [C\TUNAMI-

N2KISR\Images\PLVO02.Ivl].
7. Set SX2 Trim limit [0] / SY1 Trim Limits [0]. User can Shift Origin of View by change
the numbers.
8. User can select 2D/3D animation option by Click On follows:
e 2D by GMT script program as shown in Figure 40
e 3D by GMT script program as shown in Figure 41.
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KISR&IRIDeS
TUnami-N2KISR Interface

(24 ' y

fFFFFEPPPPERIIIEIIIITIILLLLGY

Y Y 1

Longitude. (UTM-m

Figure 41

If user Select; 1D Tide level display [Plot time series].
user must select 1D Tide level display from DropList at Figure 34 then Figure 41 will display to
setup the Extraction data at selected locations and time limits as follows:

o Select Grid Region [For Multi-Grid region summation].

o Select time Limit [Start to End] and interval steps.

o Set input direction by default [CA\TUNAMI-N2KISR\Tide\].

o Set out directory by default [C\TUNAMI-N2KISR\Out\].

Then user must select [ . ] to set file names.

Then user must enter number of location to extract water level data. Then CheckBox to ON to
start click on map to setup location.

To Edit select location data by [EDIT LOACTION] as shown in Figure 42.

To Display water level time series data extracted by select [ ﬁ] to plot for all location as shown
in Figure 44 and Single location as shown in Figure 44.

Figure 45 show 2D Water level prediction at different sub-regions.
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Figure 45
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Modeling of Coastal Landslide Generated Tsunami
By TWO-LAYER MODEL

To run Coastal Landslide Generated Tsunami model user has 2 options for simulation which are
the following:

1. Single Region [Single Grid region simulation]

2. Multi-Regions [Nest- Grid region simulation]

Single Grid Region Simulation

To run this option user from Figure 8 must start the model
Then user must checkbox for [SET RGION] to Activate the model Grid Region as shown in
Figure 15.
Then user must checkbox to activate Region 2 as shown in Figure 17.
Then user must select [Model Simulation] as shown in Figure 14. Then a Droplist will display
for user to select.
Select [Single Grid Region Simulation] Figure 46 will display for user to enter the require
model parameters as follows:

1. From Figure 46 user select [Region 1 or 2]

2. Enter Total time step computations [Total HrS*3600sec]

3. Enter Number of Core for OpenMp compiling as shown in Figure 32.

4. Enter [KSNZ] for Time step for computation.
In Landslide simulation option DON’T USE Activate Water level Fluctuation option.
To Setup Initial deformation Files for a new project the model have two options:

1. Then user must select from Figure 47 [UpDate].

Then Droplist will display for user to select the [ Load Pre-Saved Initial Deformation Files]
new widow will option as shown in Figure 46.
Then user must select from Droplist option in [Pre-Save Initial Deformation Files]. In this model
there are 7 Landslide scenarios were saved at inside Arabian Gulf Water [Landslide Case 1 to 7].

User must PRESS [ _Load | ] to load pre-saved data. Then From [UDATE] select [ LandSlide
Area ] to display the landslide area on MAP as shown in Figure 47
2. If user want create new landslide area from Figure 48 do the following:

e activate [ ON ]

e Select Region [ 1 or 2].

e Select landslide Plate Thickness[ + for remove , - Backfill]

e Select new Landslide area by enter the corner location of landslide.[In Counter
Clockwise direction]. For each location must checkbox then click on map.

e Then select [Landslide area] to calculation area and VVolume of landslide.

e Then user must Select [ L ] to Generate the initial Deformation file.
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e Todisplay The new landslide area on map by Select [UDate] then select
[LandSlide Area] as shown in Figure 49

User now ready to Start Simulation by Select [ Model Simulation]. Then figure 50 display the

computation window.

r
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ﬁﬂg‘
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Figure 50
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Multi-Grid Region Simulation

C.1.S Interface 2005

To run this option user from Figure 8 must start the model
Then user must checkbox for [SET RGION] to Activate the model Grid Region as shown in
Figure 15.
Tr?en user must checkbox to activate Regions Connection Sub-Grid Area [Nest-Grid area] as
shown in Figure 51
Then user must select [Model Simulation] as shown in Figure 14. Then a Droplist will display
for user to select.
Select [Multi-Region for TWO-LAYER Simulation] Figure 52 will display for user to enter
the require model parameters as follows from Droplist at [UPDate]:
1. User must Select The setup Connect of Nest-Region at [Setup System Connection].
Figure 53 will display for to select/load System Connection as :
- From droplist in Figure 53 user select [File]=>[Set new Conc ]. System will
automatically will display as in Figure 53
- From Droplist in Figure 53 user select [File]=>[Save Conc]. If any change I title
or sub-title.
- From Droplist in Figure 53 user select [File]=>[Load/Save]. New window will
open with a default file name [Fconc.txt] user click on Save as shown in Figure
53.
2. User must Select [Load/Saved Regions Parameters] as in Figure 54. Multi-Regions
parameters connect will display as shown in Figure 54 .
3. User from Droplist at Figure 54 must select the [ Load Pre-Saved Initial Deformation
Files] new widow will option as shown in Figure 54.
4. Then user must select from Droplist option in [Pre-Save Initial Deformation Files]. In this
model there are 7 Landslide scenarios were saved at inside Arabian Gulf Water

[Landslide Case 1 to 7]. User select [M ] to load data.
5. From Droplist in Figure 54 at [Updat] user select [Load landslide area] to find out the
total area and display the location on Map as shown in Figure 49.
6. Enter Total time step computations [Total HrS*3600sec].
7. Enter Number of Core for OpenMp compiling as shown in Figure 32.
8. Enter [KSNZ] for Time step for computation.
In Landslide simulation option DON’T USE Activate Water level Fluctuation option.
To Setup Initial deformation Files for a new project the model have two options:
1- Then user must select from Figure 52 [UpDate].
Then Droplist will display for user to select the [ Load Pre-Saved Initial Deformation Files]
new widow will option as shown in Figure 55.
Then user must select from Droplist option in [Pre-Save Initial Deformation Files]. In this model
there are 7 Landslide scenarios were saved at inside Arabian Gulf Water [Landslide Case 1 to 7].
2- If user want create new landslide area from Figure 48 do the following:
e activate [ ON ]
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Select Region [ 1 or 2].
Select landslide Plate Thickness[ + for remove , - Backfill]
Select new Landslide area by enter the corner location of landslide.[In Counter
Clockwise direction]. For each location must checkbox then click on map.
Then select [Landslide area] to calculation area and VVolume of landslide.

Then user must Select [

C.1.S Interface 2005

To display The new landslide area on map by Select [UPDate] then select
[LandSlide Area] as shown in Figure 49

User now ready to Start Simulation by Slect [ Model Simulation]. Then figure 56 display the
computation window.
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Simulation Output Display.
User can display model output as follow
1. 1D Elevation output display [Plot time series at a location]
2. 2D images for image/ Animation display
To start display output user must select from DropList at [Analysis] as shown in Figure 57.
If user Select; 1D Elevation output display
user must select 1D Elevation plot from DropList at Figure 57 then Figure 58 will display to
setup the Extraction data at selected locations and time limits as follows:
1. Select Grid Region [For Grid region simulation]

Select time Limit [Start to End] and interval steps.
Set input direction by default [C\TUNAMI-N2KISR\result\elr\]
Set out directory by default [CATUNAMI-N2KISR\Out\]
User must one of the checkboxas:
- If single Region simulation [Extract data from Landslide Single Grid 1 or 2]
- If Multi-region simulation [Extract data from Landslide Multi-Grid 2 or 6]
6. Then user must select to setup files names as [Start]
7. User can select location for extracting elevation output data by Click On the map as
follows:
o User must enter location number
o Then Checkbox [On/OFF]
o Then user start to click on map for the location
o User must [End and Save]
o User can edit location and Check the selected location depth.
8. Then user start to Extract Data by press on [EXTRACT DATA]

C.1.S Interface 2005

ok 0N

9. Todisplay 1D plot Click on [L‘ ]. Then Figure 59 will display the Extracted 1D plot at
selected locations.

‘ TUNAMI N2KISR
DOM

SetUp Model Regions
SetUp Water Level (KTide)
SetUp Region Conncction
SetUp Initial Deform

SetUp OutPut Point Location

i B B B |

Figure 57
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If user Select; 2D images for image/ Animation display.
user must select 2D image/ Animation from DropList at Figure 57 then Figure 60 will display
to setup the Extraction data at selected locations and time limits as follows:

1. Select time Limit [Start to End] and interval steps.

ok 0N

C.1.S Interface 2005

Set input direction by default [C\TUNAMI-N2KISR\result\elr\]
Set out directory by default [CATUNAMI-N2KISR\Out\Anim\]
Select Grid-Layer Number from Droplist [By default Grid-layer Region Selected]
User must one of the checkboxas:

- If single Region simulation [Extract data from Landslide Single Grid 1 or 2]
- If Multi-region simulation [Extract data from Landslide Multi-Grid 2 or 6]

6. Then user must select to setup files names for Surfer to create 2D Animation [M]
And enter interval time step. Figure 39 will display option of 2D/3D animation option.

7. Set Contour Level file information by default [CA\TUNAMI-
N2KISR\Images\PLVO02.Ivl].

8. Set SX2 Trim limit [0] / SY1 Trim Limits [0]. User can Shift Origin of View by change

the numbers.

9. User can select 2D/3D animation option by Click On follows:

e 2D by GMT script program as shown in Figure 61
e 3D by GMT script program as shown in Figure 61.

£ TUNAMI-N2KISR MODEL

Model Simulation Info  Analysis  Back
[" Rsize [ SetRegions
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Awareness System for Tsunami Wave Height in Arabian Gulf , Gulf of
Oman and the Arabian Sea Through Smart Mobil Technology and
Internet Website by TUNami-N2KISR Interface

The interface Of Tsunami Warning System

As known, the prediction of an earthquake is still not satisfactory with today’s technologies, and
in fact, for most earthquakes, is unsuccessful. Detection and prediction of tsunamis is only half
the work of the system. Of equal importance is the ability to warn the populations of the areas
that will be affected. The TUnami-N2KISR warning systems feature lines of communications
(such as internet website and smart mobile technology as shown in Figure 62). The awareness
system capable of issuing warnings to the general public in less than 15 minutes for known
location and initial data input of epicenter and moment magnitude of an underwater quake and
the probable tsunami arrival times can be quickly calculated and posted for any selected location
from the main domain area in TUnami-N2KISR interface. The internet website address was
display the tsunami hazard at website address

:(http://www.hceatkuwait.net/KUnami/kunami.aspx) [Al-Salem Khaled. 2016. “Awareness System for
Tsunami Wave Height in Arabian Gulf , Gulf of Oman and the Arabian Sea Through Smart Mobil Technology
and Internet Website by KUnami Interface”. International Conference on Information and Communication

Technologies for Disaster Management (ICT-DM’2016), Dec. 13, 2016.Vienna,Austria |. Also it will display
on smart mobile system and it will be posted at Apple Store in future [The mobile wave
preliminary version was already developed].

Misa tansme bdailo

Figure 62
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Procedures for using of ( TUnami-N2KISR Interface)

C.1.S Interface 2005

TUnami-N2KISR interface is an efficient and easy-to-use data entry and model simulation.
This version is sufficiently user-friendly and can provide the basic information of simulation for
tsunami wave prediction. In this section of the report, step-by-step instructions are given for
using the model interface.

The procedures outlined here consist of number of steps which can be summarized as the model
can be run after model simulation finished or from Per-saved Result for 2D wave elevation
scenarios. Then from Figure 63 user must Select [ANALYSIS] then [1D SELECTED FOR
ELVATION OUTPUT] Figure 64 will display for user to setup Select location for extract time
series Tsunami Wave Prediction for Public Broadcast though Remote Website or Model
application. User must following the following steps as:
1- From Figure 64 user select:

-Region from Droplist

- Enter start output file number to End File number

-Select [DIRC] To setup Input File Path

-Enter Output file path [Or use the default Path]

-User Select [M] to Form Input File Names File.
-User must select the output Target location as
e Enter number of Location to extract
e User Select [CHECKBOX ON/OFF]
e Based on the location number user CLICK on MAP of the select location
unlit the [CKECKBOX On/OFF will uncheck]
e Then must select [END and SAVE]
e Then user must select [EDIT LOCATION]
e Then USER must select [CHECK DEPT]

2- Then user Start to Extract Data by select [ EXTRACT DATA]
3- User can Display 1D plot of the select locations

AT
WWwW
Now user ready to upload output data to Remote website for public Awareness by select [ M ] at
Figure 64. Figure 65 will display for user to enter the following information as :
1. Enter Earthquake Date [Day Month YEAR]

2. Enter Earthquake Occur Time [Hour Minute Second]
3. Enter Earthquake Magnitude [Mz]
4. Enter Posting Time In Remote Website.
This is the time in hours is time that data will be stay display on Public Website

5. Then user must start to from the file for upload to website by select [J""ﬂI ]
2]
6. To edit the file select [

]
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Model Simulation Info Analysis Back

[” Rsize [ SetRegions

‘ Copyright € 2016 Khaled Al-Salem (KISR-Kurwait) And International Research Institute of Disaster Science (TOHOKU Univer-Janpan) TUNAMI_N2KISR InterFace...All ights

TUNAMI N2KISR

~ DOMAIN LIMITS
Bo n
113924 2564993
1254776 3445473 Kuwait Institute for
Research
New| Show Gulf 99— HPWRR
- Project 1D Outpy

Grid Region [Region-1 ] LR:11
Directory Output Files

Tine Start [T g [ 1097 p[ 5
Input Path [£Kisr-PC2021 TUNAMI-N2KISR result'e v

OutPath [ C: TUNAMIN2KISR!Out - ‘
Extract Data From LandSlide Single Gid (10r2) [~
Extract Data From LandSlide Multi Gid @ To§) [~

SetUp Files Names _Start_| Done

LocationFile | C- TUNAMIN2KISR outlocR1bin _~

Number of Location T [ OnOFF  UsDm

EndAndSave |

Edtlocstion [

Check Dept  Dt:0.25
Generat 1D Images

 Dai |
1 EnterLocation® [~
AllLocation [

Tocpltl bin i
& &
i

Figure 63.

53 TUNAMENZ

Model Simulation Info Analysis Back

[~ Rsize [~ SetRegions

Longtuds: 102514 M
Lalitude : 3445473 M

(KISR-Kuwait)

Copyright € 2016 Khaled Al-Sal il Research Institute of Disaster Science (TOHOKU Univer-Janpan) TUNAMI_N2KISR InterFace. All ights

TUNAMI NZKISR

- DOMAINLIMITS
Bottom Left Location.
113924 2564993
Top Rigth Location.
[ [ Koot nste for
Mew|[Show | Gt 99z - FHFWRRE
Project 1D Output:

GridRegion [Region1 <] LR
Directory Output Files _Dirc | h
Time Start [10000 | ppg [ 1052 | giep| 5
Input Path [£ KisrPC2021 TUNAMILNIKISR sesut ~|
OutPath € TUNAMI-N2KISR Out: a ‘

Extract Data From LandSlide Single Grid (101 2) r
Extract Data From LandSlide Multi Grid (2 To 6) r
SetUp Files Names Stat | Done

LocationFile | C/TUNAMIN2KISR outlocRlbln  ~

Number of Location T [ OnOFF  Dmb:e
EndAndSave | [
EditLocation [ 4

CheskDept  Dx025
Generat 1D Images

_ Extract Data__ | Tocplt1 bln
T Eaterloationt 7 prouy ey
AllLocation |9 wy

Figure 64

-
5. Web-Page Setup

Figure 65

—EarthQuake Date/Time ——
Date of Occur

-
Earth Quake Magnatude (Mz) |
Magnatude I [
Posting Time in Remote Web
Hour I &
EarthQuake Case 0
*
= Close

[AL-Salem 2005]

175



C.1.S Interface 2005

Procedures for uploading setup file by (TUnami-N2KISR Interface)
[Operator Only]

To upload the setup data is assign to remote website at address
[http://hceatkuwait.net/ KUnami/KUnami.aspx]
Then user must do following:

il
e User must Enter Password [Operator only] at [ = **** ] as in Figure 66

[ ]
e User Select [ =& ] in Figure 66 to open the upload section for user the select the file.
e User can select refresh page or wait number seconds for AUTO-Refresh for data will
appear on GOOGLE MAP as shown in Figure 67.

Remote website Display

Figure 67 display for the select target data time series of wave height for a number of hours
select by operator.

User can display for each select Target location as 1D time series plot by select from Figure 67 at

[ M] then Figure 68 will display

User enter Location number then select [-] to form a plot file then select [ SHOW] to
display the plot file as in figure 68. User can download data by select [ 0 ]

2)| @ http://hceatkuwait.net/KUnami/KUnami.aspx - @ || Search...

Vo
| © KunamiInterface Awarenes... * | . - _—r e 0 i i ARPEN P - A i ~

File Edit View Favorites Tools Help
< I AlQuran MP3 Audio - Re... || fortran v G Google (IS Kuwait Coastal Informatio... [i Login ResearchGate & My Drive - Google Drive [ Outlook “f Personal NBK (National B... £ Quick Reference for Cmp...

Figure 66
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Awareness System for Tsunami Wave Height by Mobile Application Display

A Mobile apps was developed by [Al-Salem K. 2016] to display for public awareness of
Tsunami wave height on Google map as shown in Figure 69. The mobile apps can run by the
following:

e User can start the apps by select [ w==1=r ] then select [ ]
e Figure 70 will display if there are a posted data is [ON] if now post data the apps will

stay on until post warning in On again.
A

A-

e User can display any of select target time series data by select [ = ] as shown in Figure
70.

e Then Figure 71 will display for user to enter location number to display 1D Time series

plot and enter [ x scale can be set as 1 for Sec 60 for minutes 3600 for hours].

e Then user must select [ @ ] to display 1D plot as shown in Figure 72

AL
e User can send data information by Email and Massage from selection [ == ] at Figure
70.
e Then Figure 73 will display for user to select option of data sending as

[E] For Email option or [m] For Massage option
(O = N\ £ =

I Carrier = 1:19 PM
ALdans Aer. Spon

-ty

'k R, ¢ f
~ ) .e ' Wiade e 1
Py 38
‘\ Khaled Al-SAlem (2016) c
nfo

www:hecatkuwait. net

= 2 L & T . s x & 7
7N o

\\ — J O — J
Figure 69 Figure 70
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