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عند مخرج قناة تصریف میاه الأمطار للطریق  إیجاد أعلى مستوى لمیاه البحر
 ، لیبیاالدائري الثالث بمدینة طرابلس

 حسین عویدات صالحصلاح 

 ، كلیة الھندسة، جامعة طرابلس، لیبیالمدنیةقسم الھندسة ا
 

 الملخص

یعتبر الطریق الدائري الثالث أحد المشاریع الإستراتیجیة التي بدأ جھاز تنفیذ مشروعات 
المروري داخل مدینة  الازدحاملغرض تقلیل  2023الإسكان والمرافق في استكمالھا في نھایة 

. تم تصمیم الطریق بحیث تبدأ تقریبا من وربط مناطق جنوب طرابلس بوسط المدینةبلیبیا طرابلس 
بدایة الطریق الدائري الثاني وتنتھي بالقرب من الساحل بالتقاطع مع الطریق الساحلي. من أجل 
تصریف میاه الأمطار التي تتجمع على سطح الطریق، تم تصمیم قناة خرسانیة صندوقیة على طول 

الطریق لنقل وتصریف میاه الأمطار المتجمعة عبر مخرج مفتوح على البحر. وحیث أن مسار 
مستوى سطح البحر یتذبذب إلى أعلى وإلى أسفل إما بشكل یومي نتیجة تأثیر ظاھرة المد والجزر أو 
بشكل متكرر نتیجة تأثیر الأمواج والعواصف أو یزید سنویا بشكل تدریجي تحت تأثیر ظاھرة التغیر 

ناخي، فإن ھذا یستوجب أن یكون قاع قناة التصریف أعلى من أقصى منسوب یمكن لسطح البحر الم
أن یبلغھ وذلك لتقادي حالة الغمر لمخرج القناة. في ھذه الدراسة، تم إیجاد أقصى مستوى لسطح البحر 

لانتقال  سنة. تم استخدام نموذج عددي 50تحت تأثیر الظواھر المذكورة سالفا خلال فترة رجوع بلغت 
الناتج من تأثیر الأمواج في المنطقة المحیطة بموقع المخرج. كما تم استخدام  الارتفاعالأمواج لإیجاد 

في قیمة الضغط الجوي  الانخفاضأثناء العواصف نتیجة  الارتفاعطریقة تحلیلیة مبسطة لإیجاد 
الفلكي فقد تم الحصول  للمد ارتفاعوإجھاد الریاح القصي على سطح البحر. بالنسبة لمتوسط أقصى 

الناتج من التغیر المناخي من  الارتفاععلیھ من جداول المد البحریة، بینما تم الحصول على قیمة 
دراسة حدیثة أجریت لحوض البحر الأبیض المتوسط. النتائج بینت أنھ من غیر المتوقع أن یتعرض 

  .مخرج القناة لحالة الغمر
 .التغیر المناخي، المد العاصفي، المد الفلكي، میاه البحرارتفاع مستوى  الكلمات المفتاحیة:

ABSTRACT 
The Third Ring Road (TRR) is one of the strategic projects that the Housing and 

Infrastructure Board (HIB) started its completion works at the end of 2023 for the purpose 
of reducing traffic congestion inside the city of Tripoli and to connect the southern regions 
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of Tripoli to the center of the city. The road is designed to start from nearly the beginning 
of the existing second ring road and to end near the coast at an intersection with the coastal 
road. To drain the storm water collected from the road surface, a concrete box channel 
was designed along the whole of the road to convey and drain the collected water into the 
sea through an open outlet. Since the sea water level is fluctuating up and down on a daily 
basis due to astronomical tide or frequently due to wave and storm effects or gradually 
rising on an annual basis due to climate change effect, the invert level of the outlet should 
be higher than the highest level that the sea surface could reach to avoid the condition of 
outlet submergence. In this study, the highest sea water level has been determined under 
the aforementioned effects within a return period of 50 years. A numerical wave 
propagation model was used to determine the rise due to wave setup in the vicinity of the 
outlet location. A simplified analytical method was used to determine the rise during 
storms due to low atmospheric pressure and wind shearing stress on the sea water surface. 
The average of highest astronomical tide was obtained from Admiralty Tide Tables, while 
the rise due to climate change was obtained from a recent study on the Mediterranean 
basin. The results showed that the outlet is not expected to encounter a submergence 
condition. 
KEYWORDS: Sea water level rise, astronomical tide, storm surge, climate change. 

INTRODUCTION 
The Third Ring Road (TRR) is one of the strategic projects that the Housing and 

Infrastructure Board (HIB) started its completion works at the end of 2023 for the purpose 
of reducing traffic congestion inside the city of Tripoli in Libya and to connect the 
southern regions of Tripoli to the center of the city. The road starts from the roundabout 
of Ghot Ashal in the West of the city and extends to the east direction in a roughly parallel 
path to the Second Ring Road (SRR) and South of it until the region of Saba (Figure 1). 
Then, it goes to the North to intersect with SRR and ends at the First Ring Road (FRR) 
known as coastal road at a total length of 23.8 km.  

 
Figure 1: Ariel view of TRR path [1]. 
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The TRR is a two-way highway composed of three lanes and emergency lane in each 

direction. The TRR contains 14 intersections and 14 pedestrian bridges. For the purpose 
of draining storm water flowing over the road surface, a closed concrete box channel was 
designed with a width of 3 m and height of 2 m along the whole path of the road to drain 
the collected water in the sea through an outlet located at the shore. A number of outlet 
locations has been suggested as shown in Figure (2). The channel was designed as a 
gravity flow system with an invert level of the outlet at +2.15 m above mean sea level 
(MSL). 

Since the sea water level is fluctuating up and down on a daily basis due to 
astronomical tide or frequently due to wave and storm effects or gradually rising on an 
annual basis due to climate change effect, the invert level of the outlet should be higher 
than the highest sea water level to avoid the condition of outlet submergence. The 
condition of outlet submergence affects the channel flow capacity in that it reduces the 
flow velocity due to the effect of backwater.  

This study aims to determine the highest potential sea water level to ensure the non-
occurrence of submergence condition to the outlet, which leads to reducing the drainage 
capacity of the channel and the possibility of impounding water at the surface of the road.  
 

 
Figure 2: Suggested locations of drainage channel outlet. 

 

STUDY APPROACH 
Study works in coastal regions are characterized with the effect of several climatic, 

natural and physical phenomena and factors such as astronomical attractions, winds, 
atmospheric pressure, sea waves, natural composition of sea bed and water depths in 
addition to climate change. These factors have a direct effect on the variation of sea water 
level such that the range of variation reaches several meters depending on the geographic 
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location on the earth and the extent of astronomical attraction effect, marine storms and 
climate change.  

Since the effect of wave setup largely depends on the characteristics of nearshore 
waves that largely depend on water depths, it is locally important to study the variation 
of sea water level under the effect of the aforementioned phenomena such as tidal cycles, 
storm surges, atmospheric pressure, and wave setup in addition to climate change. 
Accordingly, the determination of highest sea water level requires collecting data on tidal 
cycles, climate change, atmospheric pressure, water depths, winds, and waves. In 
addition, the processes of generation, motion and propagation of sea waves are so 
complex that the mathematical formulation describing these processes is solved using 
numerical methods. This means that the analysis of sea waves requires implementation 
of complicated numerical simulation models to achieve accurate results.  

The model of simulating waves nearshore known as SWAN [2] was used to simulate 
the propagation of waves from the offshore region to the locations of the outlet at the 
nearshore region. The implementation of wave simulation requires collecting and 
analyzing offshore and nearshore bathymetric data, average astronomical tide, prevailing 
wind and wave data. The offshore bathymetric data was collected from global sources, 
while nearshore bathymetric was obtained from Ministry of Marine Wealth in Libya. The 
astronomical tide data will be collected from global observation resources. A simplified 
analytical method was used to determine the rise in water level due to storm surges.  

BATHYMETRIC DATA 
The bathymetric data were collected from two main sources: 1) international survey 

sources; 2) local survey sources. With regard to international sources, the General 
Bathymetric Chart of the Oceans [3] known as GEBCO provides free of charge 
bathymetric maps with a spatial resolution of 450 m along the Libyan coast. In addition, 
the European Marine and Observation Data Network (EMODnet) provides more precise 
bathymetric data with a spatial resolution up to 112 m along the Libyan coast. The main 
source of these data are from hydrographic surveys accomplished with Light Detection 
and Ranging (LiDAR) technology or Multi-Beam Echo-Sounder (MBES) technology. 
Both survey processes undergo quality assurance (QA) and quality control (QC) 
procedures to ensure the accuracy of data before being released to public. The bathymetric 
data map was prepared according to the data obtained from EMODnet database with a 
spatial resolution of 112 m covering the whole region (Figure 3). 

In relation to local sources, it was relied on previous studies conducted near the area 
under study that were provided by the Libyan Ministry of Marine Wealth represented in 
two principal studies. The first one is wave and navigational study for layout 
improvement of Tajura fishing harbour conducted by SOGREAH CONSULTANTS in 
2005 [4]. The second study is the hydrographic survey of the region around Tripoli 
Fishing Port in Tajura conducted by AKTI ENGINEERING in 2009 [5]. The international 
and local bathymetric data were merged together to obtain more accurate results along 
the nearshore area where the boundaries of survey area extended 45 km in the East-west 
direction and 45 km in the North direction up to a depth of 200 m (Figure 3). 
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Figure 3: Bathymetric data and boundaries of the study area. 

WIND DATA 
The wind data were provided by Libyan National Meteorological Centre (LNMC) 

and obtained from the technical study conducted by TRITON CONSULTING 
ENGINEERS in 2011 [6] as part of the design study of Tripoli fishing port located in 
Tajura as shown in Figure (4). These data show that the prevailing wind direction is 
North-West where the wind speed exceeds 13.9 m/s. The data are consistent with the 
results of wave and navigational study for layout improvement of Tajura fishing port 
carried out by SOGREAH CONSULTANTS in 2005 [4] and also the redesign study of 
Tripoli western breakwater conducted by De Weger in 1998 [7]. According to the 
evaluation study of Tripoli western breakwater design conducted by De Weger in 1998 
[7], the maximum wind speed for the extreme storm recorded in NW direction was 30 
m/s. As such, the maximum wind speed of 30 m/s was used in this study.  

 
Figure 4: Wind rose obtained from LNMC. 
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WAVE DATA 
According to the data obtained from previous studies conducted near the area under 

study that are represented three studies. First, the technical study for evaluation of Tripoli 
western breakwater redesign carried out by De Weger in 1998 [7]. Second, the technical 
study for layout improvement of Tajura fishing port in Hamedya region conducted by 
SOGREAH CONSULTANTS in 2005 [4]. Lastly, the technical study for design of 
Tripoli fishing port located in Tajura and conducted by TRITON CONSULTING 
ENGINEERS in 2011 [6]. All these studies show an agreement on that the prevailing 
wave direction is North-West and according to the analysis of wave data, the design wave 
height for a return period of 50 years is 9.4 m and the wave period is 14.5 sec. 

TIDE DATA 
In Libya, there are no local observation points for recoding variation of sea water 

level under the effect of astronomical tide. As such, it was relied on reliable international 
sources in this context of which the most important is the United Kingdom Hydrographic 
Office [8], which has a database covering 500 main ports and 5700 secondary ports 
around the world (Figure 5). The office publishes Admiralty Tide Tables in a yearly basis 
in eight volumes and each volume covers a specified region. Libya is covered in volume 
8 that includes Tripoli commercial port, which is the nearest point to the location of study 
area. According to these tables, the average high water level (MHWL) is at 50 cm above 
MSL. 
 

 
Figure 5: Distribution of Admiralty Chart Tables. 

 

STORM SURGE EFFECT 
The occurrence of marine storms in the deep sea is accompanied with low 

atmospheric pressures and strong winds. The low atmospheric pressure has the effect of 
raising the sea water level due to the surface expansion in addition to raising the water 
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level as a result of pushing the surface by the strong wind to the shore region to form the 
phenomenon of storm surge. 

To determine the value of sea level expansion due to lowering of atmospheric 
pressure to (𝑃𝑃𝑎𝑎) under the normal pressure taken at 1013 mbar, the following equation is 
used: 

Low Pressure effect = 0.01(1013 − Pa)                                                                 (1) 
 

Considering the design wind speed at 30 m/s will result in lowering atmospheric 
pressure to a value of 983 mbar, the corresponding rise in sea water level will be 30 cm. 

To determine the rise in sea water level due to pushing the water surface by the wind 
towards the shore and according to a simplified analytical method [9], the following 
equation is used:  

Wind Stress Effect ≈ d ��
0.000006𝑊𝑊2𝑋𝑋

gd2
+ 1 − 1�                                               (2) 

 
For an average water depth (𝑑𝑑 = 25 𝑚𝑚) at the coastal region, wind speed (𝑊𝑊 =

30 𝑚𝑚/𝑠𝑠), and the fetch distance (𝑋𝑋 = 45 𝑘𝑘𝑘𝑘), acceleration due to gravity g of 9.81 m2/s, 
the corresponding rise in sea water level is 50 cm. 

CLIMATE CHANGE EFFECT 
According to a recent climatic study related to the evaluation of sea water level rise 

along the Libyan coast due to the effect of climate change jointly conducted by 
international organizations, namely World Bank (WB), United Nations Development 
Program (UNDP), and European Union (EU), as part of the study report of Rapid Damage 
and Needs Assessment (RDNA) published in 2023, the rise in sea water level is expected 
to be at a rate of 6.8 mm/year. This rate is based on satellite altimetry measurements 
observed from 1993 to the present provided by the altimetry dataset of “Archiving, 
Validation and Interpretation of Satellite Oceanographic data” known as AVISO [10] 
(Figure 6). 

 
Figure 6: Annual sea level rise in the Mediterranean Sea provided by AVISO. 
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WAVE PROPAGATION MODELLING 
The numerical modelling of wave propagation starting from the place of generation 

due to the exposure of sea surface to wind effect in the offshore regions in deep water to 
the coastal or nearshore region is the main factor in designing coastal marine structures. 
Through wave modelling, final wave characteristics can be determined as a result of 
physical processes effect a wave undergoes in combination with the effect of shallow 
water, topographic shape and natural composition of the seabed.  

Due to the complexity of physical processes of wave motion and seabed 
characteristics that essentially requires borrowing precise and accurate methods capable 
of simulating the real sea state, the methods of numerical modelling are used in wave 
analysis because of being characterised with high accuracy in handling and dealing with 
complex mathematical formulations that describes the motion of waves.  

The model of Simulating Waves Nearshore (SWAN), which is a third generation and 
state-of-the-art model, is the most common model used worldwide for the analysis of 
wave propagation in the design of coastal marine structures. In this study, the model of 
SWAN was applied using the most recent version to obtain best and most accurate results 
of wave characteristics in the area under study.  

SWAN MODEL 
SWAN is one of third generation wave simulation models initially developed in the 

Netherland by TU Delft University and with support from United States Office of Naval 
Research in 1999. Since then, the model has been continually updated by TU Delft 
University and Dutch Ministry of Transportation and Water Management in accordance 
with scientific development in the field of wave simulation and propagation. The model 
of SWAN is specifically designed to simulate wave propagation from the deep sea to the 
nearshore zones and unlike other models such as WAM and WAVEWATCH III that 
specialized in simulating waves in the offshore zones. 

SWAN is characterized with high accuracy in addition to being available for free. 
This is why SWAN widely spread in several countries and being relied on in the field of 
wave climate forecast in addition to being used in the design works of coastal structures 
particularly all types of ports.  

SWAN does not require graphical interface and is executed using a programmed 
commands saved in a core command file. The command file is linked to a set of data files 
like bathymetric and wind data, which are called during the execution of the model. The 
model is operated on MS-DOS platform and, when completed, the output results are 
stored in the form of tabulated data that helps in archiving and saving the data. For further 
presentation of model results in the form of figures, the use of processing tools are 
required. 

APPLICATION OF SWAN TO THE STUDIED AREA 
The model of SWAN was set up to the area of study to simulate the propagation of 

waves generated at the offshore boundary until they reach the shore. Several 
considerations were taken into account to achieve the best and most accurate results by 
the model:  

• First, extending the boundaries of the computational grid to avoid transferring the 
boundary errors to the area of study such that the boundary is away from the area 
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of study by a distance of 22 km in the east direction, 23 km in the west direction, 
and 37 km in the north direction, which are more than enough for this purpose. 

• Second, applying highest possible level of spatial resolution at a value of 90 m, 
which is close to the highest recommended value (50-1000) m.  

• Third, incorporation of different physical processes that waves undergo when 
transferring from deep water to shallow water such as white capping, wave-wave 
interaction, wave breaking, bottom friction, wave refraction, wave shoaling.  

• Fourth, using most recent wave spectrum for representing waves known as 
JONSWAP spectrum for simulating wave generation and propagation.  

• Lastly, incorporation of the effect of astronomical tide, storm surge, climate change 
on raising sea water level to determine highest value of wave setup on the coastal 
region.  

The simulation was conducted using the most extreme marine storms with a return 
period of 50 years coming from the prevailing direction, which is NW direction, with a 
design wave height of 9.4 m and wave period of 14.5 sec. Application of operational 
conditions that correspond to wave incidents of 4.4 m in height and 11 sec in period with 
a return period of 5 years were also applied. In addition, the other wave directions, which 
are N and NE, were applied to validate the prevailing wave direction.  

MODEL RESULTS 
Table (1) below shows a screen shot of the output file of model results at the 

suggested outlet locations set in the model. The results in the table include horizontal 
coordinates (Xp) in meters, vertical coordinates (Yp) in meters, sea bottom level in 
meters, water depth in meters including the effect of astronomical tide, storm surge, wave 
setup, and climate change, wave setup in meters, and significant wave height (Hsig) in 
meters. 

Evidently, the results show that, on average, the wave setup affecting the region is 
approximately 40 cm. Accordingly, the total rise including astronomical tide, storm surge, 
wave setup, and climate change is 2.04 m. It is worth emphasizing that this condition 
rarely occurs with an average probability of occurrence of once every 50 years. 

To determine more frequent storm incidents, the operational conditions were applied 
that showed an average value of wave setup at 23 cm as shown in the Table (2). 
Accordingly, the total rise including astronomical tide, storm surge, wave setup, and 
climate change is 0.964 m. This rise is expected to occur once every 5 years. 
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Table 1: Wave setup and height results for the extreme condition. 

 
 

Table 2: Wave setup and height results for the operational condition. 

 
 

CONCLUSIONS 
This study was based on collection of climatic and natural data from several 

international sources and previous international studies carried out near to the area under 
study. The prevailing direction of winds and waves is the North-West. From the results 
of this study on determination of highest sea water level at the proposed locations for the 
outlet of drainage channel of TRR, it was concluded that the highest effect of sea water 
level rise is due to storm surge. The effect of astronomical tide, wave setup, and climate 
change is approximately close. The total effect in the event of extreme marine storm raises 
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the sea water level to a height of about 2 m above MSL with a probability of occurrence 
of once every 50 years. The total effect in the event of operational conditions raises the 
sea water level to a height of about 1 m above MSL with a probability of occurrence of 
once every 5 years. Since the invert level of the outlet is set at 2.15 m above MSL, this 
level is considered sufficient under extreme and operational conditions. No occurrence of 
outlet submergence for all suggested locations even in extreme storm condition. Since the 
outlet is located at the shore, it is recommended to conduct a technical study to design a 
shore protection structure against erosion resulting from the impact of waves on the area 
around the outlet.  
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