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The discharge anomalies are smallest in the eastern 
basins (10–30 m3 s–1), and an order of magnitude greater 
in the southern basins (up to 400 m3 s–1), with the biggest 
ranges observed in the Biga watershed. The results suggest 
that the monthly change in discharge from the Çapraz 
River is more significant than the daily extremes. When 
compared to the precipitation anomalies, the coastal 
discharge extremes are more sensitive to the precipitation 
anomalies in fall, winter, and early spring, except for the 
Gölayağı stream. The discharge response of the Gölayağı 
stream differs due to the change in water levels in the 
İznik Lake.

4. Discussion
The main finding of this study is the quantification of the 
daily coastal discharges in the prominent watersheds of the 
Sea of Marmara and their potential impact on the health 
of marine waters. The results suggest that extreme coastal 
discharges combined with increasing concentrations of 
pollutants pose a threat to the ecosystem. 

The coastal discharge shows seasonality with an 
annual change in net precipitation rates. The extreme river 
discharges mostly follow the extreme precipitation events, 
peaking between late fall and early spring. During summer, 
the anomalies in precipitation extremes and their impact 
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Figure 5. Daily cumulative precipitation times the watershed area for the basins associated with the (a) Kiraz, (b) Gölayağı, 
(c) Çapraz, (d) Gönen, and (e) Biga streams with the thick line denoting the monthly change. Yearly averaged precipitation 
and evaporation times the watershed area (f and g), and (h) yearly averaged coastal discharge.
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Figure 6. Seasonal anomalies of the daily precipitation exremes (left panel) and the coastal discharge 

extremes (right panel) for each watershed (rows): (a) Kiraz, (b) Gölayağı, (c) Çapraz, (d) Gönen, and (e) 

Biga streams. 

Figure 6. Seasonal anomalies of the daily precipitation extremes (left panel) and the coastal 
discharge extremes (right panel) for each watershed (rows): (a) Kiraz, (b) Gölayağı, (c) 
Çapraz, (d) Gönen, and (e) Biga streams.

on discharge rates are compensated by high evaporation 
rates. Additionally, the geomorphology, shape, land use, 
vegetation of watersheds and riverbanks, and the presence 
of lakes affect the relationship between atmospheric input 
and coastal discharge peaks. The meandering shape of the 
Gönen River and its triangular delta dampen the extreme 
upstream discharges. The coastal zone of the Biga River is 
more sensitive to instantaneous flow peaks, whereas the 
coast of the Susurluk watershed is prone to monthly peaks 
rather than daily extremes.

During flood events, excess water overflowing from 
the riverbanks is retained in agricultural fields and 
wetlands (southern watersheds). Therefore, these extremes 
do not reach the river mouth. This is due to the land use 
and geomorphology of the southern watersheds (alluvial 
flatlands with agricultural fields). Owing to the absence 
of gages at the river mouth, the thresholds for discharge 
peaks in these basins were estimated based on the channel 
shape, the structure of the land between the coastline and 
the gage location, and satellite images of river plumes 
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after heavy precipitation (determined by competitively 
analyzing the surface area of the southern river outflows; 
not shown). 

The thresholds for extreme daily discharges are 
estimated as 175, 100, and 300 m3 s–1 for the Biga, Gönen, 
and Çapraz Rivers; the volume flux greater than the 
threshold value spreads over the land; part of it is retained 
and infiltrates into the sedimentary basin (seepage), while 
another portion moves to the coast through a slow surface 
runoff. 
From an environmental perspective, instantaneous 
nutrient loads with high flow rates may trigger extreme 
events due to an abrupt change in the nutrient balance of 
the system.  

With decreasing nutrient loads from the Black Sea 
(Polat and Tugrul, 1995; Oguz, 2017; Cozzi et al., 2018), 
terrestrial nutrient loads (increasing concentrations with 
intense discharges) have the potential to create conditions 
for extreme events, such as sea snot. The underlying 
mechanism that triggers such conditions may be related 
to excessive nitrate input that changes the nutrient ratio, 
leading to the accumulation of organic matter in the 
intermediate layers. These events have a long-lasting 
impact, particularly in the bays of Erdek, Bandirma, 
and gulfs of Gemlik and İzmit, where flow circulation is 
relatively weak. Tan (2021) found the pressure exerted by 
land-based sources on Bandırma Bay and gulfs of İzmit 
and (Inner) Gemlik to be high, and on Erdek Bay and Gulf 
of (Outer) Gemlik to be moderate based on the Pressure 
Index method.

In the eutrophication assessment of coastal waters, the 
national regulations differ in the parameters used and the 
upper limits associated with these parameters (Tan, 2021). 
Therefore, collecting these regulations under a single 
heading and updating them is important to accurately 
monitor and assess water quality of the coastal waters of 
the Sea of Marmara. The implementation of measures 
proposed for the coastal watersheds by TÜBİTAK MAM 
(2010), ÇŞB ÇEDİDGM and TÜBİTAK-MAM (2020), 
ÇŞİDB and ODTÜ-DBE (2021) is crucial. Among 
these measures, the treatment and monitoring of urban 
and industrial wastewater, whether carried (point or 
surface) directly or indirectly (via rivers) into the sea, the 
quantification and limitation of nutrient loads carried via 
agricultural wastes, and the restoration of the riverbanks 
are of primary importance.

Climate change adversely affects coastal and 
transitional ecosystems with rising temperatures and sea 
levels, more erratic rainfall, and freshwater discharges, 
resulting in more frequent or more severe droughts and 
storms (Day and Rybczyk, 2019). In the watersheds of the 
Sea of Marmara, the extreme precipitation events pose 
a threat to the region, increasing the risk of flood events 
(Basdurak, 2023). Moreover, elevated rates of relative sea 
level rise can also accelerate vegetation changes in coastal 
wetlands (He and Silliman, 2019). The	 Kocasu and 
Gönen deltas are prone to such changes. Thus, investing in 
local conservation, such as the restoration of the deltas and 
wetlands and increasing vegetation around the riverbanks 
and wetlands, plays a significant role in dampening the 
adverse effects of such extreme events and enhancing the 
resilience of the coastal zone.

Because the watersheds have unique characteristics 
that affect the timing and intensity of coastal discharges, 
individual monitoring of nutrient concentrations and 
pollutants in the watersheds near the coast is necessary. 
This way, the coastal fluxes of nutrients and pollutants 
from riverine sources can be accurately identified. 
Most importantly, both the formation or propagation of 
extreme events, such as sea snot, can be prevented by early 
recognition, and measures can be taken to decelerate the 
deoxygenation of the Sea of Marmara.

The daily changes in coastal discharges provided in this 
study can be used in ocean models focusing on small-scale 
processes and biogeochemical dynamics. Additionally, the 
dataset can be adopted in catchment models to predict 
nutrient dynamics. However, when using the dataset, it is 
recommended to employ thresholds for extreme discharge 
values in the southern watersheds. 
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Appendix A: Geological features of the watersheds
The geological map of the coastal watersheds in the study area (Figure A) is adopted from the 1:500,000 scaled quadrangle for İstanbul 
(MTA, 2021). The map shows distinct geological features in the eastern and southern watersheds that contribute to the variability in the 
net precipitation flow rate relations. These geological features and their changes around the river tributaries in the downstream direction 
near the river mouth can potentially alter the coastal discharge during heavy rainfall and floods.

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A. Geological map of the study area, adopted from MTA (2021). 
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Figure A. Geological map of the study area, adopted from MTA (2021).
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