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ABSTRACT 
 
The Bosphorus strait is an outstanding example of the sea straits with 
its spatial and temporal change of current pattern. The Bosphorus 
Strait is a strongly stratified two-layer system and a unique case of the 
maximal exchange regime of strait flows, which largely determines 
the properties of the Black Sea. In this study, the latest investigations 
will be compiled with the old ones and also the effect of an 
underwater construction in the Bosphorus will be discussed. Hence 
the impacts of an underwater construction on the Marine Environment 
will be also evaluated  with the Ecological Study . 
 
INTRODUCTION 
The Bosphorus Strait is a pathway between Marmara and Black seas 
(Fig.1). Its width varies between 0.7 and 3.5 km with  average value 
of 1.3 km at the surface. The width reduces gradually towards the 
bottom of the channel to a typical average value of 500 m at depth of 
50 m. The depth varies in the range of 30 and 100 m.  
 
The flow in Bosphorus Strait is a strongly two stratified two-layer 
system: (1) an upper-level current that flows south from the Black Sea 
to the Sea of Marmara; and (2) a lower-level current that flows north 
from the Sea of Marmara to the Black Sea. The stratified current is 
controlled by mainly two reasons which are density and water depth 
differences. 

Fig.1- The Bosphorus 

 

Water level in the Black Sea is higher than the Sea of Marmara and 
generates current on the upper-level. Freshwater influx from rivers to  
 
Black sea, barometric pressure, evaporation and precipitation affects 
the sea level changes and result the exchange flow in Bosphorus. The  
 
lower-level flow is generated by differences in salinity between the 
Sea of Marmara and the Black Sea.  A turbulent interface layer 
separates the upper and lower-level currents. The interface thickness 
varies from about 10m at the Sea of Marmara to 2m at the Black Sea. 
 
The Bosphorus Strait has significant variations in width and depth 
along its length. Two sills located near the both entrance regions. The 
sills influence the flow characteristics within the Bosphorus. The sill 
found at immediately north of the Marmara entrance varies between 
minimum and maximum depths of 28 m and 34 m, respectively, and 
allows passage through two channels on both sides (Fig.2). On the 
Anatolian side of the sill, along the Uskudar coast, the channel having 
a depth of about 40 m is also blocked off downstream by a shallower 
area with a sill depth of 34 m. This channel gradually deepens beyond 
the sill towards the south and eventually joins the submarine canyon 
found in the junction region of the Bosphorus and Marmara Sea. The 
other sill is located just outside of the Black Sea entrance of the Strait 
and has a depth of 60 m and a length of about 2 km along located 
about 3-4 km northeast of the Black Sea entrance. It lies within the 
narrow channel, which occurs as a natural extension of the Strait into 
the Black Sea.  
 
The hydrological conditions are the net freshwater influx in the Black 
Sea, barometric pressure differences and wind setup. They are the 
forcing mechanism in the Bosphorus (Ozsoy et al., 1996). 
 
The Black Sea is a landlocked basin, with precipitation around 300 
km3/year and runoff around 350 km3/year exceeding evaporation 
around 350 km3/year; the excess is balanced by a net outflow of  300 
km3/year through the Bosphorus (Unluata et al., 1990 and Ozsoy et 
al., 1996). The Danube, Dniepr and Dniestr rivers in the north west 
Black Sea are the important sources of freshwater, with the Danube 
contributing about a half of the total river runoff (Ozsoy et al., 1996). 
Freshwater inflow into the Black Sea displays large seasonal and 
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interannual natural variability (Sur et al., 1994, Ozsoy et al., 1996). A 
significant correlation exists between the Danube influx and sea-level, 
even at annual time scales, suggesting efficient control by the 
Bosphorus (Sur et al., 1994, Ozsoy et al., 1995,O et al., 1996). 
 
Tolmazin (1987) indicated that the oceanographic regime of the Black 
Sea is primarily controlled by the abundance of fresh water in the sea 
(influx from the rivers and precipitation largely exceeds fresh water 
losses due to evaporation, table 1). Throughout the Black Sea, there is 
a low salinity layer at the surface caused by excess of fresh water 
influx from rivers and precipitation over losses due to evaporation 
(table 1). However the data in table 1 is before the Russian hydro 
complex construction on the rivers, which are Don, Kuban, Dnepr and 
Dnestr, entering the sea  from its northern slope. The major hydro 
plants and reservoirs became fully operational in the 1970s 
(Tolmazin, 1987). Water deficits has been occurred, particularly in 
flow years and losses of fresh water increased. According to Tolmazin 
(1987)’s forecast, the reduction of water drainage into the Black Sea 
by 50- 70 km3/year on average for the year of 2000. This amount 
constitutes only 14-20 percent of the historical average river 
discharge. Tolmazin (1987) also concluded that the reduction of water 
influx in the Black Sea has decreased the surface slope and, hence the 
major driving force of the upper current in the Bosphorus. 
 

Fig. 2-The plan view of the Bosphorus Strait  
 

The Danube river is the greatest contributor of river run off into the 
Black Sea, accounting for about one and half of the total river influx. 
The total discharge of the Dnestr and Dnepr rivers is about a third that 
of Danube, and the total discharge of the remaining rivers accounts 
for a small fraction (<1/5) of the total river runoff (Sur et al., 1994). 
 
Sur et al. (1994) reviewed the effects of river discharges on 
Bosphorus using some major investigations; 
 
1-The annual mean discharge of the Danube indicates large natural 
fluctuations within the range of 4000-9000 m3/s. In addition to this 
interannual variable, seasonal changes of about ±30% of the annual 
mean occur in the discharge. Therefore one can expect variations of 
up to about 3-fold between the minimum and maximum seasonal 
discharges.  
 
2-The annual Danube influx is well correlated with the basin sea-level 
on seasonal and interannual time-scales. The net freshwater inflow 
results in the long term response of the mean sea level in the 
Bosphorus. 
 
3- Also the salinity decrease measured at Constanta (downstream of 
the Danube) is also closely correlated with the Danube discharge on 
the seasonal and interannual time scales (Fig.3 and 4). The Danube 
water usually flows cyclonically (to the south) around the basin, 
except during strong southwestern storms push its waters back into 
the northwest shelf. 
 
4-Salinity data from near Anatolia coast suggest that the freshwater 
from the northwest shelf reaches the southwest coast. Daily 
measurements in the Bosphorus indicate minimum salinity at different 
periods of each year, from spring to late summer (Fig.5). Although  
minimum salinity can be observed as early as March-April, the more 
predominant minimum salinity is observed during summer, from June 
till September. Because the mean travel time between the Danube and 
the Bosphorus around 500km is on the order of 1-2 months assuming 
a mean current speed of 10-20cm/s.  The irregularities and lags in the 
timing of minimum salinity waters observed along the Anatolian coast 
could result from mixing and dispersion effects of the circulation 
transporting the northwest shelf waters south. 
 
5-Due to river effects, as a result of the mean salinity of the surface 
waters within the upper 10m in the southwestern Black Sea (between 
280 and 320E, and 410 and 420N) including stations in the Bosphorus 
during the period of 1985-1992. The weight of the data indicates a 
mean salinity of about 18 in the southwest sector of the Black Sea. 
The salinity decreases to 16-17 during the exceptional conditions 
when the Danubian influence is felt in the area  at different times 
varying from March to August each year. 
 
Rivers from Turkey flow to the Black Sea which are shown in Table 
2. Ozsoy et al.,(1996) also indicated that; Mass balance of the two 
layer exchange flows through the Bosphorus based on long term 
salinity measurements shows an average upper layer flow outflow of 
about 600 km3/year and a lower layer inflow of about 300 km3/year. 
The steady state salt budget of Black Sea requires that the ratio 
Q1/Q2=S2/S1=2, where Q1 S1 and Q2 S2 are the upper and lower layer 
volume fluxes and salinities at the Black Sea entrance of the 
Bosphorus. Because of turbulent entrainment, it is estimated that  
about 25 % of the lower layer in the Bosphorus is entrained into the 
upper layer, and about 7 % of the upper layer flux is entrained to the 
lower layer. However the short time variation depends on 
meteorological and hydrological events. 
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Table 1- Black Sea water budget (km3/year) taken from Tolmazin 
(1987) 

 Moller 
(1982) 

Bruevich 
(1960) 

Solyankin(taken 
from Alekin, 
1966) 

Bogdano
va 
(1969) 

River 
Runoff 

328 350 346 - 

Precipitation 231 225 119 - 
Iflux from 
the 
Bosphorus 

193 175 176 174 

Influx from 
the Azov 
Sea 

- - 53 - 

Total 752 750 694 - 
Discrepancy - - 10 - 
Evaporation 354 350 332 - 
Outflow 
through the 
Bosphorus  

398 400 340 357 

Outflow 
into the 
Azov Sea 

- - 32 - 

Total 752 750 704 - 

Fig. 3-Montly average Danube discharge and salinity at Constanta 
Romania (from Sur et al.,1994) 

 

Fig. 4--Annual average Danube discharge and salinity at Constanta 
Romania (from Sur et al.,1994) 
 
Table2- River Discharging from Turkey to the Black Sea (UNP, 
1998) 

Rivers Discharges cu.km/y.103

Filyos 3,110 
Kizilirmak 5,567 
Yesilirmak 5,920 
Sakarya 6,000 

According to Ozsoy et al.(1996), both the freshwater inflow and the 
barometric pressure differences are equally plausible forcing 

mechanisms controlling mean sea-level in Black-Sea but it is not 
obvious a priori which one of these mechanisms play a greater role. 
 
However the Bosphorus responds rapidly to changes in the driving 
conditions, operating in the full range of weak to strong barotropic 
forcing in either direction. Under normal conditions, hydraulic 
controls exist at both sections. In the case of increased net barotropic 
flow from the Black Sea or persistent northerly winds, the lower layer 
of the Bosphorus occasionally becomes blocked. Similarly, southerly 
winds cause the upper layer to be arrested and pushed back to the 
constriction and beyond by the Marmara waters backing up in the 
Bosphorus, and its flow beneath the arrested wedge results in three-
layer stratification. The upper layer blocking is accompanied by 
diminishing sea-level difference between two ends of the strait 
(Ozsoy et al. 1996). 
 
Long term wind statistical results are shown in Fig.6 and Fig.7 for 
Yesikoy and Sariyer respectively.  Figures show that dominant wind 
direction is from SSW direction at the south end of the Bosphorus 
(Yesilkoy) but from NNE at the north end of the Bosphorus (Sariyer). 
 
Due to the atmospheric heating and cooling, the temperature of the 
surface water increased ≈10 C from July to august, and decreased 
≈10C from august to September (Dogan et al.,2001). Findings of a 
sediment transport analysis prepared as part of the IRTC (1987) Study 
include: 
• Littoral Drift from the coast of the Black Sea was estimated as 5 

million m3/year.  Sediment from the Black Sea Littoral Drift 
would be carried into the Bosphorus by the upper-level current a 
short distance before settling into the lower-level current.  After 
reaching the lower-level current, the sediment would be 
transported back to the Black Sea as bed load.   

• Littoral Drift from the coast of the Sea of Marmara was 
estimated as 55,000 m3/year.  Some of the sediment from the Sea 
of Marmara littoral drift would be entrained by the upper-level 
current and deposited back in the Sea of Marmara.  The 
remainder of the sediment (27,500 m3/year) would settle into the 
lower-level current and would be transported through the 
Bosphorus as bed load. 

 
Yuksel et al (1997 and 1998a,1998b) showed that sedimentation in 
Golden Horn was about 200,000m3 in five mouths period between 
03/1998 and 08/98. Sediments are mainly carried from  the Alibeykoy 
and Kagithane rivers to Golden Horn and sediment transports into the 
Bosphorus by density  currents. However the sediment rate into the 
cross section of tunnel in Bosphorus has not been known yet. 
 
HYDRODYNAMIC PATTERN OF THE BOSPHORUS 
 
A detailed analysis of the Bosphorus two-layer flow regime was 
undertaken during the Hydrographic Survey prepared by Istanbul 
Rail/Tunnel Consultants (IRTC) as Task 203 of Feasibilities Studies 
and Preliminary Designs for the Bosphorus Railroad Tunnel (1987).  
The Hydrographic Survey found that previous analyses of the 
Bosphorus were based on limited sets of measurements.  An intensive 
effort was made to collect measurements of flow and related data.   
Hydraulic measurements of the two-layer flow system were collected 
in 1985 and early 1986.  The observations confirmed the two-level 
flow regime.  Long-term monitoring was performed of current 
velocities and directions at the location of the tunnel crossing.  
Current measurements are summarized in Table 3 . 
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The current meters never recorded a velocity that exceeded 1 m/sec in 
the lower level in IRTC study.  A maximum of 1.66 m/sec was 
recorded in the upper-level in the 5 days the meter was operational.  A 
histogram developed for the flow measurements taken at a depth of 
28.5 during the period from 10-6-85 to 20-7-85 showed point 
velocities were normally distributed from 0.38 to 0.94 m/sec, with a 
median value of 0.65 m/sec. 

Ozsoy et al. (2001)  examined the flow in detail and compare it with a 
numerical model. The strong evidences of frictionally controlled flow, 
numerous separations of flow, large cross section variability were 
observed.  The flow over the South Sill is shallow at east  and deep at 
west of the strait. Over the South Sill the shallow flow passed down 
the Asian side  
 
Dogan et al. (2001) also observed that upper layer current is increased 
and layer got deeper while lower layer current slowed down and layer 
thickness decreased in August. The thickness of the layers, their 
physical properties and inclination of interfaces vary according to the 
atmospheric conditions and to the upper and lower layer fluxes 
entering to the strait 
 
At the northern entrance, the Black Sea water entering to the strait has 
50 m thickness and 10-90 cm/s current speed in august, and 5-60 cm/s 
speed and ≈40 m thickness during July and September. Marmara 
water flowing into the Black Sea below 50 m has 5-80 cm/s current 
speeds in August , and it flows below 40 m with the speed of about 5-
100 cm/s in July and September. At southern entrance,  the lower 
layer current from Marmara to the strait is observed deeper than 20 m 
during July and September. Lower and upper layer speeds exceed 100 
cm/s at this section in 3 months (July, August and September). In 
August, upper current  reaches to Marmara thicker (30m) and its 
speed varies between 5 and 150 cm/s, and the lower has current speed 
less than 110 cm/s in general (Dogan et al., 2001). 
 

Fig 5-Time series of salinity within the Bosphorus, (a) daily 
measurements 1954-56 (b) daily measurements 1967-70 (c) monthly 
averages of daily measurements 1963-70(from Sur et al.,1994) 
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Fig.7 –Long term wind statistics in Sariyer 
 
Table 3-Current measurements (IRTC,1987) 

Period Water 
Depth 

Current 
Meter 
Depth 

Average 
Velocity 

Flow 
Layer 

10-6-85 to 
20-7-85 

41m 28.5m 0.644 m/sec Lower-
Level 

10-6-85 to 
14-6-85 

41m 37.0m 0.350 m/sec Lower-
Level 

4-8-85 to 9-
8-85 

41m 28.5 m 0.760 m/sec Lower-
Level 

4-8-85 to 9-
8-85 

41m 37.0 m 0.417 m/sec Lower-
Level 

26-1-86 to 
30-1-86 

7m 5.0m 0.866 m/sec Upper-
Level 

The volume flux calculations was presented at southern and northern 
entrances in Table 4 (Dogan et al. 2001). It was reported that ADCP  
were used during their measurements. 
 
Oguz et al. (1990) made temperature-conductivity-depth 
measurements at a series of sampling stations multiple times 
throughout the year in the Bosphorus.   Measurements showed that the 
two-layer flow was variable both on a seasonal basis and on a short-
term basis. 
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Table 4-The volume fluxes (Dogan et al.,2001) 
 Sections  July August September 

Upper 
layer(m3/s) 

12627 14865 9744 

Lower 
layer(m3/s) 

north 

7245 3379 7849 

Upper 
layer(m3/s) 

7965 17926 11951 

Lower 
layer(m3/s) 

south 

6007 5656 6337 

THE EFFECTS OF  AN UNDERWATER CONSTRUCTION  
 
An underwater construction through the Bosphorus between Asian & 
European side of Istanbul is going to be constructed in the next 6 
years (Fig.8). The construction length will be 1.8 km. The tubes will 
be located in a trench at the bottom of the Bosphorus and covered by 
earth.  The each tube  will have 16m of width and 100m of length. 
They will be constructed at a dockyard and immersed to the sea 
bottom trench (Fig. 9). The tubes will be joined in the trench and they 
will be completely buried and covered with earth fill in the trench 
without changing the bathymetry at the sea bed. So the effect of the 
trench on current pattern and sediment transport mechanism and 
ecology of the Bosphorus should be known during the construction 
period.  
 
First, the study paid particular attention to the hydraulic conditions 
created by a constricted section of the Bosphorus located just north of 
the tunnel alignment.  The construction is both vertical and horizontal.   
The alignment for the tunnel is located just south of the southern sill 
of the constriction.  Hydraulic conditions at the southern sill create 
large variations in the current velocities and depths of upper and 
lower-level flow at the tunnel alignment (Fig. 10).  Additionally, the 
construction creates non-uniform flow conditions at the tunnel 
alignment across the channel cross section.  Oguz et al. (1990) 
describe a concentration of the upper-level flow that creates a high 
velocity surface current near the western end of the tunnel alignment. 
 
Local sediment inflow generates an annual bedload of 16,400 m3/year 
at the tunnel crossing. Combining local sediment and littoral drift 
from the Sea of Marmara produce a total bed load at the tunnel of 
44,000 m3/year. 
 
It was estimated that tunnel construction dredging would release 
about 45,600 m3 of sediment into the water column.  About 24% 
(14,400 m3) of the sediment would fall out of suspension and deposit 
on the channel bed.  Accumulations would be about 20 mm within 
500m of the tunnel alignment (Yuksel et al, 2002).  
 
THE ENVIRONMENTAL EFFECTS 
 
The two-level flow system in the Bosphorus provides a diverse 
marine habitat and supports a wide variety of marine life.  The 
Bosphorus is the transition between the high saline water environment 
of the Mediterranean and Sea of Marmara to the brackish surface 
water of the Black Sea.  Species acclimated to both a high saline and 

Fig.8-Tube crossing section 

Figure 9. The schematic sketch showing the trench of the Tubes   
 

Fig.10 The schematic presentation of current  pattern at the southern 
part of the Bosphorus (map by Turkish Navy) 
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low-saline environments are found in the Bosphorus.  Fish from the 
Black Sea or Sea of Marmara transit the Bosphorus during regular 
migrations for food or spawning. The impacts of an underwater 
construction on the Marine Environment were evaluated  with the 
Ecological Study . 
 
The Ecological Study presents a summary of physical parameters of 

the Bosphorus and surrounding sea areas including salinity, 
temperature, and dissolved oxygen. A disturbing trend was that 
dissolved oxygen was decreasing to critical levels for marine life in 
the Sea of Marmara and the decrease was occurring at the same time 
that fish abundance was declining.  The Ecological Study speculated 
that the decrease in dissolved oxygen was due to increases in water 
pollution.   
 
The Ecological Study includes a detailed inventory of fish species and 
habits, phytoplankton, zooplankton, and benthic organisms.  Fish 
species were divided into three groups: (1) Black Sea – fish that 
occasionally migrate through the Bosphorus for spawning or for 
feeding habits; (2) Mediterranean - fish undertaking periodic, seasonal 
migrations through the Aegean Sea and the Sea of Marmara for 
spawning or feeding; and (3) Local – fish that are resident in the 
Bosphorus, but perform seasonal vertical migrations.   The key 
finding is that the distributions of the species are adjusted to particular 
environments of salinity, light, turbidity, dissolved oxygen, and water 
temperature.  These environments are controlled by the Bosphorus’ 
two-layer flow regime.  Disruption of the flow regime would likely 
negatively impact the current distribution and diversity of species in 
the Bosphorus. 
 
Potential impacts of the tunnel construction on the marine 
environment were identified.  Because the concept design was 
modified to consist of a buried tunnel, it was concluded that the tunnel 
would not interfere with the circulation of the Bosphorus.  The 
Ecological Study identified short-term impacts that would be created 
by dredging for  the construction.  The dredging would release 
sediment into the water column.  Analysis showed that some of the 
sediment would settle very quickly and create a sediment layer of 2 
cm near the tunnel corridor.  Most of the siltation would occur within 
500m from the trench corridor.  The extent of the siltation was 
considered to be small.  Isolated colonies of mussels would be 
negatively impacted by the siltation.  Sediment remaining in 
suspension would increase turbidity and would be carried by lower 
and upper currents from the project area.  The increased turbidity 
would create an impact because some of the important fish species 
rely on sight for locating food.  Construction noise was also identified 
as a possible impact to fisheries, construction noise was considered to 
be inconsequential because of the high levels of ambient noise from 
vessel traffic. 
 
Based on review of the peak migration periods,  recommended that 
construction be limited to two periods when fish migration was 
minimal: June to August, and January to March.  Construction noise 
was considered to be a negligible impact due to frequent boat traffic 
on the Bosphorus.  It was recommended that blasting for tunnel 
excavation should be avoided and used only as a last resort.  If  
blasting were required, then measures to scare away fish from the 
demolition area should be undertaken.  Normally, small charges are 
used to chase fish away prior to major demolition. 
 
During the autumn fish migration period, fish swim in the upper-layer 
current, so it was not necessary to halt construction during the fall 
months (as recommended in the feasibility study).   Recommendation 

was to stop construction activities for a 2 ½ month period starting in 
early April when fish migration occurred in the lower-level current. 

The potential impact of dredging activities should clearly be 
documented in environmental reports (Yuksel et al, 2002)..  It is 
expected that the project will have a “fish closure” period (i.e. a 
period of time when no construction may take place). There are 
several issues require more studies and clarification regarding 
environmental protection measures. 
• Fish Closure Dates: Initially two closure periods were proposed 

based on review of published monthly fish migration rates.  It is  
proposed only one closure period in late spring.  The purpose of 
the spring closure period is to protect fish migrating through the 
lower level current from turbidity impacts. 

The project needs to clarify recommendations for the fish closure 
period.  Fixed dates that may be scheduled in advance (for 
example: 15 April – 30 June) are preferable to dates that vary 
from year to year based on observed fish migrations.   
 

• Acceptable Construction Activities during Closure: The primary 
reason for the spring fish closure is that the increased turbidity 
created by dredging may impact fish that require low turbidity to 
migrate.  The spring period is a time when the fish are migrating 
through the lower-level current. 

The project needs to determine which construction activities are 
permissible during the fish closure period and which construction 
activities are prohibited. For example, it might be possible to 
perform some shallow water dredging or excavation during the 
closure period if the zone of turbidity does not enter the lower-
level current.  There may be activities that do not create turbidity 
impacts, but generate noise or vibrations.  Construction activities 
should be reviewed with fisheries experts to determine a list of 
prohibited activities and permissible activities. 

• Fish Migration Routes: In a related issue, it is unknown what 
parts of the crossing are critical for fish migration.  If some areas 
are less critical, then construction might be able to take place if 
fish are diverted without disrupting the primary migration.  
Conversely, if some parts of the cross are more critical, then it 
may be advisable to take extra measures to protect that part of 
the crossing.  More definitive information on fish migration 
routes should be obtained to manage the construction. 

CONCLUSION 

Bosphorus Strait does not only provide water connection between two 
seas but also provides the route for the maritime traffic and the 
migration route for the marine species. Its great attraction due to its 
distinguished natural beauty, the nearby city Istanbul became one of 
the  densely populated cities of the world.  Nowadays the city of 
Istanbul needs to initiate some marine projects and undersea 
constructions for water transportation by pipeline or intercity 
transportation by an undersea tunnel. The hydrographic studies are 
necessary for the proper design and safe construction of these types’ 
projects. 
 
The previous hydrographic studies of Bosphorus were based on 
limited sets of measurements although an intensive effort was made to 
collect  data of flow and related parameters. The long term 
measurement programme has to be conveyed for the quantification of 
the current pattern in the Bosphorus in order to determine its spatial 
and temporal changes in detail. This programme can provide 
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sufficient and reliable data of flow characteristics for the Bosphorus 
crossing marine projects. Thus, the long term multi location and multi 
depth current measurement program keeps primary priority during the 
design stage of  the marine structures in the Bosphorus. This 
programme will also provide the valuable database for the analysis of 
the interaction  between the two layer flow mechanism  and fish 
migration pattern. 
 

Because of high sensitivity of the marine environment in the region, 
the long term (permanent) and short term (temporary) effects of 
marine constructions of Bosphorus crossings on the marine 
environment become more important. It necessitates more 
investigations during the design stage. In this context, the planning of 
i) underwater operations and ii) construction process of marine 
structures, predetermination i) the timing of dredging and ii) location 
of disposal materials are the subjects to be concerned in relation to the 
fish migration and maritime traffic to minimize  the environmental 
impacts.  
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