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Abstract

One of the most important challenges in the world is climate change causing the warming of oceans
and its direct and indirect impacts on ecosystems. This fact makes it important to have and utilize
regular data sets to increase understanding. This study, it is aimed to understand the descriptive
properties of outer Izmir Bay by using alternative data sets from satellite technology. Remotely sensed
data sets of the sea surface temperature, chlorophyll-a, and attenuation coefficient through satellite
technology were analyzed over a long time period, between 01/2004 and 12/2021. Results showed
stable properties of these variables and a significantly weak increasing trend in chlorophyll-a and
attenuation coefficient. Even though no significant trends were detected in sea surface temperature,
months from winter to summer showed a significant increasing trend for the temperature. Seasonal
warming trends can be the cause of the successful settlement of warm-water species in Izmir Bay, as
it is maybe the case in other parts of the Mediterranean Sea.
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Introduction

Various data sources provide important information about global warming, which is one of the most
important challenges for the world ecosystem. Systematic changes in the physical and chemical
properties of ocean water all over the world (Doney et al. 2012 and references therein) concluded there
is serious pressure on the components of the marine ecosystems. These pressures can be the reason for
the collapse of the system or lead to altering structures and functions in a system (Doney et a. 2012).
According to Jin et al. (2018), thermal stratification delivers an important impact on water quality as
well as particle circulation and sinking mechanism, besides physiological stress on the organisms
(Doney 2012).

According to Bengil (2020), the Mediterranean Sea has significant documentation on the trend of
global warming over the last three decades, which indicated consistent warming for the entire Basin
(Pisano 2020) and some sub-regions, including the Aegean Sea (Nykjaer 2009, Skiliris et al. 2011,
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Bengil and Mavruk 2019). Evaluations on interannual patterns of chlorophyll concluded with trends in
spatial variation in trends (Colella et al. 2016, Bengil and Mavruk 2018). The utilization of various
data sources in marine studies has become popular in the last decades. The effectiveness of these
sources was discussed and various evaluations on their utilization success were provided for the
Mediterranean Sea, especially for the Aegean Sea (Bengil et al. 2021). Data from freely available
medium-scale satellite remote sensing data are advantageous for long-term evaluation of the properties
of certain marine areas since there are systematically available time series data sets that lack data gaps
(e.g. OceanColor and Giovanni). Sea surface temperature and chlorophyll are available globally in time
series due to being retrievable data from satellite technology (Bengil 2020).

Izmir Bay, as a semi-closed part of the Aegean Sea, is located on the west coast of the Anatolian
Peninsula (Fig. 1). The geographical location of the bay is in the middle of the Aegean Sea. It is known
as one of the biggest bays in the Mediterranean Sea (Sipahioglu, 2014). As a result of its morphology
and physio-chemical features, 1zmir Bay can be classified into three sub-regions; outer, middle, and
inner bay. Chemical pollution is one of the main challenges in the bay of intense industrial growth and
urbanization (Lemenkova, 2016). Additionally, current systems and water masses are well known in
Izmir Bay (Sayin 2003, Saym et al. 2006). However, long-term evaluation of the properties is still
scarce and further information on the inter-and intra-annual properties of its sub-regions is required.
This study, therefore, aims to understand, characterize, and describe inter-and intra- annual properties
of sea surface temperature, chlorophyll, and attenuation coefficient of the light, in the outer sub-region

of Izmir Bay.
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Figure 1. The study area. The black box shows Izmir Bay, and black lines separate sub-regions in Izmir Bay.
The outer region was used for further analysis

Material and methods
Three adjacent regions that represent the inner, middle, and outer parts are recognized in Izmir Bay.

The outer part of the bay was chosen for further analysis in this paper (Figure 1). Datasets that represent
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estimated monthly values of sea surface temperature (SST), chlorophyll-a (Chl), and diffuse
attenuation coefficient (Kd) were used in this study. The data sets were extracted from the Giovanni
online data system; developed and maintained by the NASA GES DICS (Acker and Leptoukh 2007).
Relevant data sets were obtained from the MODIS Aqua level four products, which have 4 X 4 km
spatial resolution and the temporal period from 01/2004 to 12/2021. Further information about the
products of the data sets is available on the Ocean Color website (https//ocean-color.gsfc.nasa.gov).
The minimum, maximum, average, and range of each variable were calculated to designate the
descriptive properties of the study area. Additionally, linear fittings with monthly time frames were
applied to evaluate trends of SST, Chl, and Kd during the time period of the study. The intercept and
slope of linear trend lines with a 95% confidence interval (ci) were estimated by using linear regression.

Slope values and their ci were used to evaluate trends in different time periods.

Results
Descriptive characteristics

The annual average of SST was found to be 18.92 °C in the outer part of Izmir Bay. The overall range
of SST was 12.41 °C, and the overall minimum SST was 13.57 °C as the overall maximum was 25.98
°C. It should be also noted that the minimum value was observed in 2006 and the maximum was in
2010. On the other hand, the coolest summer was in 2013 (23.37 °C) and the warmest winter was in
2021 (15.49 °C). Interannual variation showed the widest range in 2010 as 10.90 °C, while the
narrowest range was 8.95 °C in 2020. Regarding intra-annual characteristics, the minimum temperature
was found to be in January and February, and the maximum temperature was detected in July. Intra
annual variation showed the widest range in July with 3.04 °C, while the narrowest range was 2.22 °C
in May. Descriptive values of the data set are presented in Table 1. The overall average of Chl was
0.52 mg/m? in the study area. Intra-annual averages fluctuated from 0.31 mg/m? (2008) to 0.91 mg/m?®
(2018). On the other hand, the overall range was found to be 3.61 mg/m? from 0.31 mg/m? in 2008 to
3.28 mg/m® in 2019. While maximum observation dispersed from 0.48 mg/m® (November 2008) to
3.76 mg/m?® (February 2019), observations with the minimum values over the time period were found
to be between 0.15 mg/m? (July 2009) and 0.48 mg/m? (May 2019). Interannual characteristics of Chl
indicated a sinusoidal pattern from winter months, mostly in February to summer months, which was
mostly in June and July. Parallel to this, the widest interannual range was found to be in February (3.39
mg/m?), while the narrowest range was found to be in June (0.33 mg/m?). Descriptive parameters of
Chl data set are given in Table 1.
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Table 1. Descriptive parameters of data sets (MAX: maximum, MIN: minimum).

SST (°C)

Months Average MAX MIN Range
January 14.61 15.83 13.57 2.26
February 14.73 16.05 13.57 247
January 15.63 17.04 14.61 244
February 18.44 20.19 17.50 2.68
January 22.24 23.25 21.04 2.22
February 23.74 25.06 21.76 3.30
January 24.18 25.98 22.19 3.79
February 22.66 24.23 21.06 3.16
January 20.46 22.40 19.35 3.04
February 18.33 19.56 16.59 2.97
January 16.70 18.38 15.08 3.30
February 15.32 16.56 13.90 2.67
All year 18.92 19.70 18.04 1.66

Chl (mg/mq)

Average MAX MIN Range
January 0.64 1.33 0.36 0.96
February 0.98 3.76 0.36 3.39
January 0.82 1.97 0.35 1.63
February 0.60 1.29 0.23 1.06
January 0.30 0.59 0.17 0.42
February 0.28 0.50 0.17 0.33
January 0.32 0.52 0.15 0.37
February 0.36 0.59 0.19 0.40
January 0.36 0.65 0.22 0.42
February 0.47 1.04 0.22 0.82
January 0.61 1.10 0.37 0.74
February 0.54 0.81 0.35 0.46
All year 0.52 3.76 0.15 3.61

Kd (m)

Average MAX MIN Range
January 0.08 0.12 0.06 0.06
February 0.10 0.29 0.06 0.23
January 0.09 0.16 0.05 0.11
February 0.07 0.11 0.04 0.07
January 0.05 0.06 0.03 0.03
February 0.04 0.06 0.03 0.03
January 0.05 0.07 0.03 0.04
February 0.05 0.07 0.04 0.03
January 0.05 0.08 0.04 0.03
February 0.06 0.10 0.04 0.06
January 0.08 0.11 0.06 0.05
February 0.07 0.09 0.06 0.03
All year 0.07 0.09 0.05 0.04
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The average from the total data set of Kd was 0.07 m for the outer part of Izmir Bay. Intra-annual
averages were between 0.05 m~in 2008 and 0.09 m"in 2019. Additionally, the overall range of Kd was
0.26 m, dispersed from 0.03 m~in 2008 to 0.29 m" in 2019. As maximum annual Kd was 0.29 m™ from
2019, while the maximum annual observation was dispersed to 0.07 m™in 2007. On the other hand, the
minimum annual Kd was 0.03 m™ in 2004, 2008, 2009, 2015, and 2021 and it dispersed up to 0.06 m-
in 2019. The interannual characteristic of Kd data set showed the highest maximum value in February,
while the lowest minimum was in May, June, and July. Interannual ranges of Kd were scattered from
0.03 m™ in May, June, August, September, and December, to 0.23 m"in February. Details on Kd data
set are presented in Tablel

Trend analysis

Linear fitting of overall data sets over the time period showed no significant trend in SST, while there
were significant positive trends in Chl and Kd (p<0.05). The annual trend was 0.0102 mg m year™ for
Chl 0.0008 m™ year” for Kd. Interannual analysis showed a significant trend of SST in the months from
February to June, August, and December (p<0.05). Significant trends were April, July, August,
September, and October for Chl, and months from August to October and April for Kd (p<0.05). Trend
results from the linear fitting analysis are presented in Table 2.

Table 2. Significant trends in time frames of data sets. Slope and its confidence limit (95%).

Time frame Variable Trend (slope) Lowe_r confidence Uppe_r confidence

interval interval
April 2.39E-02 1.80E-03 4.59E-02
July 1.07E-02 3.91E-03 1.75E-02
August Chl 1.76E-02 1.18E-02 2.34E-02
September 1.12E-02 2.84E-03 1.96E-02
October 2.40E-02 1.39E-02 3.41E-02
Overall 8.53E-04 6.83E-05 1.64E-03
April 1.75E-03 2.05E-04 3.30E-03
August 1.36E-03 8.37E-04 1.89E-03
September Kd 8.57E-04 4.57E-05 1.67E-03
October 2.03E-03 1.28E-03 2.79E-03
Overall 6.70E-05 1.04E-05 1.24E-04
February 8.29E-02 5.07E-02 1.15E-01
March 6.61E-02 2.46E-02 1.08E-01
April 9.85E-02 5.72E-02 1.40E-01
May SST 6.65E-02 3.06E-02 1.02E-01
June 8.06E-02 2.86E-02 1.33E-01
August 7.39E-02 3.69E-03 1.44E-01
December 5.33E-02 2.62E-03 1.04E-01
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Discussion
There are various detailed studies on biological (Sunlu et al. 2012), chemical (Lemenkova 2016), and

physical properties (Saym 2003, Sipahioglu 2014) of the Izmir Bay, this study is the first
documentation for evaluation of the properties over a wider time period. A comparison with an in-situ
data set from Saym (2003) showed very similar properties in data distribution in temperature
measurement for the bay. Similarly, a comparison by Kontas et al (2004) for the outer part of Izmir
Bay resulted that alternative data sources, such as satellite remote sensing, have a similar chlorophyll-
a data set distribution for the region. This fact encourages the use of alternative data sets for further
evaluations in Izmir Bay. On the other hand, it should be noted that data properties in the middle and
inner part of Izmir Bay are remarkably different in in-situ data sets (please see, Kontas et al. 2004,
Kucuksezgin et al 2006), therefore, utilization of alternative data sets in these sub-regions should be
questioned and verified before further analysis.

Even though there has been no study on diffuse attenuation coefficient variations in Izmir Bay, some
evaluations on light parameters are available. Sayin et al. (2007) investigated spatiotemporal changes
in light transmission percentage and secchi disk variation. They highlighted that the wastewater
treatment system in the bay impacted positively at the beginning of the 2000s. Contrary, this study
showed a significant increasing trend in attenuation coefficients from 2003 to 2021 in the outer part of
Izmir Bay. However, the trend value of the attenuation coefficient, 0.0008 m™ per year is very small
over the time period. Thus, it can be concluded that the wastewater treatment system has provided
stable physical system properties regarding the light distribution of the bay.

Previous studies on seawater temperature reported an increasing trend in the Aegean Sea (Skliris et al
2011, Bengil and Mavruk 2019). Additionally, Skliris et al (2011) reported that the Aegean Sea has the
lowest trend properties in seawater temperature among regions in the Mediterranean Sea. This study
resulted that no significant warming trend has been found in the outer part of Izmir Bay over the time
period of this study. Even though annual evaluation does not show a significant trend in sea surface
temperature, winter, spring, and summer months showed a significant increasing trend over the time
period of the study. Seasonal warming trends can be the cause of successful settlement of warm-water
species in Izmir Bay, as in various other parts of the Mediterranean Sea. Lastly, in terms of previous
studies on chlorophyll-a trend showed very weak or insignificant trends in most of the sub-regions of
the Mediterranean Sea (Coppini et al. 2013, Collela et al., 2016, Bengil and Mavruk 2018). Bengil and
Mavruk (2018) particularly reported an insignificant trend in chlorophyll-a throughout the Aegean Sea.
Parallel to these studies, a very weak trend of chlorophyll-a was detected in the outer part of Izmir Bay.
In conclusion, this study provided descriptive and long-term trends for physical and bio-optical
properties of the outer part of 1zmir Bay. While descriptive properties showed stable and consistent

results with studies from previous years or data sets, trend analysis showed slightly different properties
6
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than the Aegean Sea. These results encourage the utilization of data sets from satellite technologies to

proceed toward future aims.
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