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Abstract
Sea Surface Temperature (SST) is one of the fundamental physical oceanographic parameters to
understand, determine and predict ocean-atmosphere interactions. SST de�nes and in�uences local and
global climate regimes, oceanic and atmospheric circulation, weather patterns, and regional phenomena.

Almost ninety per cent of the additional heat energy caused by greenhouse gasses is absorbed by the
ocean. Compared to the pre-industrial era, the mean annual SST of the Mediterranean Sea is increased by
about 1.0 ℃, especially with a higher rate in the last decades. Since the 1990s, a gradually increasing
trend of SST was observed in the Mediterranean Sea, while the highest SST warming was recorded in the
Levantine Basin of the Eastern Mediterranean Sea.

The �fth-generation atmospheric reanalysis (ERA5) data sets of the European Centre of the Medium-
Range Weather Forecast (ECMWF) and the time-series of observational meteorological data sets of the
Kyrenia Meteorological Station are used. This study aimed to compare and validate the reanalysis and
observational data sets and analyse SST trends in the southern Cilician Basin between 1995 and 2020.

Our results revealed about 1.1 ℃ of SST warming in the region during the last 25 years. The annual
mean SST was calculated as ~ 22.20 ℃. Continuous positive SST anomalies, recorded since 2010, are
another signi�cant outcome of the study, which shall be crucial for monitoring and predicting future
climatic events.

1. Introduction
Sea surface temperature (SST) is one of the most essential and crucial physical oceanographic
parameters and climatologic variables which de�ne and in�uence regional and global climate regimes. At
the interface of ocean and atmosphere, SST modulates the heat �uxes between the ocean and
atmosphere, affects the oceanic and atmospheric circulations, properties of the seawater, biochemical
processes, primary production, weather patterns and local phenomena such as severe storms, extreme
precipitation and heat waves (Deser, Alexander, Xie, & Phillips, 2010; Pisano et al., 2020; Trenberth, 2009).

SST responds to anthropogenic and natural climate changes and variabilities in different time scales (i.e.,
seasonal, inter-annual, decadal and multi-decadal) (Deser et al., 2010; Pisano et al., 2020; Trenberth,
2009). The solar forcing, wind forcing, cloudiness, ocean-atmosphere interactions, and ocean-atmosphere
circulations affect and modulate SST on different time scales (Gastineau & Frankignoul, 2015; Hurrell &
Deser, 2009; Pisano et al., 2020; Rencurrel & Rose, 2020). However, in the last 50 years, greenhouse gas
emissions caused by anthropogenic processes have changed the heat energy balance of the planet Earth
on a global scale. About 90% of this additional heat energy generated by anthropogenic greenhouse
gasses is absorbed in the ocean, resulting in a warming of the SST of the world ocean (Core Writing
Team, Pachauri, & Meyer, 2015; Pastor, Valiente, & Palau, 2018; Stocker et al., 2013; Trenberth, Fasullo, &
Balmaseda, 2014). Therefore, SST is a key and essential parameter for monitoring the ocean’s present
state and predicting future climatic events.
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Regionally, the Mediterranean Sea responding to climate change by continuous and rapid warming in the
last few decades. The Mediterranean Sea warming trend is about twice the global ocean warming trend.
Since the pre-industrial era, the annual mean SST of the Mediterranean Sea is increased by about 1.0-1.5
℃, especially with a higher rate in the last decades, while the highest SST warming was recorded in the
Levantine Basin of the Eastern Mediterranean Sea (El-Geziry, 2021; Macias, Garcia-Gorriz, & Stips, 2013;
Pastor et al., 2018; Pisano et al., 2020; Samuel-Rhoads et al., 2013). This rapid and continuous SST
warming trend of the Levantine Basin (ranging between 0.025–0.055 ℃/year) in the last few decades
has been reported in several studies by using different methods (i.e., observational, model, reanalysis, and
satellite) (El-Geziry, 2021; Macias et al., 2013; Pastor et al., 2018; Pisano et al., 2020; Samuel-Rhoads et
al., 2013; Shaltout & Omstedt, 2014).

Despite their limitations (Jordà et al., 2017; Romanou et al., 2010), the �fth-generation atmospheric
reanalysis (ERA5) data sets of the European Centre of the Medium-Range Weather Forecast (ECMWF)
reanalysis (Hersbach et al., 2020) data sets are bene�cial, powerful tools and widely used for climate
analysis, especially due to the temporal and spatial di�culties of in-situ observations.

The SST, along with the salinity, is a fundamental parameter that affects and determines the physical
oceanographic characteristics of the water masses in the Levantine Basin. The processes of local water
mass formation in the region, i.e., Levantine Surface Water (LSW), Levantine Intermediate Water (LIW)
and Levantine Deep Water (LDW), are well studied in the literature (Deliceırmak & Salihoğlu, 2020; Fach et
al., 2021; Salihoglu et al., 2019; The LIWEX Group, 2003; The POEM Group, 1992).

This study aimed to evaluate and analyse SST trends in the southern Cilician Basin by observational
time-series data sets of the Kyrenia Meteorological Station for 25 years between 1995 and 2020. ERA5
reanalysis and in-situ Conductivity – Temperature – Depth (CTD) measurements are used to compare
and validate the data sets.

2. Data And Methods
Three different data sets (i.e., observational time-series data sets of the Kyrenia Meteorological Station,
ERA5 reanalysis data sets of the ECMWF, and in-situ CTD measurements from the Kibris Time Series “the
KTS”) studies are used in this study.

The observational time-series data set of the Kyrenia Meteorological Station is used to analyse SST
trends. ERA5 data sets of ECMWF and in-situ CTD data of the KTS studies are used to compare and
validate the observational and reanalysis of SST data sets in the southern Cilician Basin between 1995
and 2020.

Observational time-series data sets are obtained from the Meteorological O�ce of the Turkish Republic of
Northern Cyprus (TRNC). The SST data is measured at the entrance of the Port of Kyrenia on a daily
basis by the Kyrenia Meteorological Station (Fig. 1). Monthly means, annual means and trends are
calculated and drawn using Sigma Plot software.
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ERA5 reanalysis data sets “ERA5 hourly data on single levels and ERA5 monthly averaged data on single
levels” between 1995–2020, are downloaded from the Copernicus Data Store (CDS) through the ECMWF
and plotted by using Ocean Data View (ODV) software (Fig. 1). The SST units are given in Kelvin (K) and
shall be converted to Celsius (℃) by subtracting 273.15.

In-situ CTD data sets of the KTS studies (Deliceırmak & Salihoğlu, 2020; Salihoglu et al., 2019) are
compared to analyse and validate the observational data sets of the Kyrenia Meteorological Station
between October 2015 and June 2018.

3. Results
Analyses of the annual mean SST and annual mean SST trend of the observational time-series data sets
of the Kyrenia Meteorological Station between 1995 and 2020 are shown in (Fig. 2). The annual mean
SST from 1995 to 2020 are calculated as 22.20 ℃. Linear trend calculations revealed an increasing trend
in the annual mean SST by a rate of about 0.043 ℃/year and, in total, 1.08 ℃ during the 25 years
investigated period (Fig. 2).

Annual mean SST anomalies between 1995 and 2020 are shown in (Fig. 3). Analysis of the annual mean
SST data sets revealed continuous and consecutive positive anomalies in the region since 2010, except
in 2013 (-0.1 ℃). The highest positive annual SST anomaly was recorded in 2018 with 1.1 ℃, and the
highest negative SST anomaly was recorded in 1996 with 0.9 ℃ (Fig. 3).

Analysis of monthly SST and monthly SST trends of the observational time-series data sets of the
Kyrenia Meteorological Station between 1995 and 2020 are shown in (Fig. 4). The minimum monthly
mean SST was recorded in February at 16.2 ℃ (red coloured in Fig. 4), and the maximum monthly mean
SST was recorded in August at 29.3 ℃ (grey coloured in Fig. 4). The coldest monthly mean SST was
recorded in February 1996 at 15.1 ℃, while the warmest monthly mean SST were recorded at 30.3 ℃ in
August 1998 and August 2010 (Fig. 4).

Linear trend calculations of monthly mean SST revealed an increasing trend every month except June.
Decreasing SST trend was recorded in June by -0.023 ℃/year, 0.57 ℃ in total between 1995 and 2020
(pink coloured in Fig. 4). Between 1995 and 2020, the highest increasing trend of monthly mean SST was
observed in November (dark yellow coloured in Fig. 4) and December (dark pink coloured in Fig. 4) by
0.099 ℃/year (~ 2.48 ℃ in total) and 0.091 ℃/year (~ 2.28 ℃ in total), respectively. The highest
positive monthly SST anomaly was observed with 2.6 ℃ and 2.5 ℃, respectively, in November and
December 2018. On the other hand, the lowest increasing trend was recorded in July and May with 0.019
℃/year (~ 0.48 ℃ in total) and 0.021 ℃/year (~ 0.53 ℃ in total), respectively (Fig. 4).

Observational monthly mean SST data of the Kyrenia Meteorology Station (Fig. 5) compared with the
ERA5 monthly averaged and hourly data on a single level from 1995 and 2020 (Fig. 6). Although there
were slight differences in maximum and minimum SST values, a comparison of these two data sets
revealed consistent results, especially on temporal distribution, peaks, and trends. Furthermore, the
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monthly mean SST data of the Kyrenia Meteorology Station was compared with the in-situ CTD
measurements of the Surface Mixed Layer temperature of the KTS studies between October 2015 and
June 2018. Comparing these data sets revealed consistent and very similar SST values during the
analysed period (Fig. 7) (Deliceırmak & Salihoğlu, 2020; Salihoglu et al., 2019).

4. Discussion
In this study, observational time-series data sets of the Kyrenia Meteorological station are evaluated and
compared with the ERA5 reanalysis data sets and in-situ CTD measurements to analyse and validate the
observational SST data. The comparison between the data sets seems to be consistent and satisfactory.

The results revealed that the SST of the southern Cilician Basin was in an increasing trend with
0.043/year between 1995 and 2020. The annual mean SST was calculated as 22.2 ℃. These results
were consistent and within the range of several recent studies conducted in the Levantine Basin (El-
Geziry, 2021; Pastor et al., 2018; Pisano et al., 2020; Samuel-Rhoads et al., 2013; Shaltout & Omstedt,
2014). However, one of the most signi�cant differences between this study and the studies mentioned
above is the seasonal differences in the SST increases. Contrary to the studies mentioned above, in
which the highest SST warming was observed in the summer seasons, in this study, the lowest SST
warming was observed in the late spring and summer seasons. Even in June, decreasing SST with a rate
of -0.023 ℃/year was recorded during the investigated period. The highest SST increases were observed
in late autumn (November and December) during the analysed period. Between 1995 and 2020, about
0.099 ℃/year (2.48 ℃ in total) and 0.091 ℃/year (2.28 ℃ in total) of SST warming were observed in
November and December, respectively. It is well known in the literature that the SST in late autumn and
early winter is crucial for winter mixing processes and forming of local water masses (i.e., Levantine
Intermediate Water and Levantine Deep Water). Cooling of the SST in November and December is the
precondition of these processes (Deliceırmak & Salihoğlu, 2020; Fach et al., 2021; Salihoglu et al., 2019;
The LIWEX Group, 2003; The POEM Group, 1992). Therefore, excessive warming recorded in these
months shall be investigated and monitored to understand the effects of the warming SST on the
physical properties of the seawater.

Another signi�cant outcome of this study is the continuous and consecutive positive SST anomalies
recorded in the region since 2010. These results are consistent with the several studies which predict the
SST will continue to increase even if the greenhouse gas emissions are reduced or limited in the short
term (Deser et al., 2010; Pastor et al., 2018; Pisano et al., 2020; Stocker et al., 2013; Trenberth, 2009).

5. Conclusion
Analyses of the available best data infer that the increasing trend of SST is not going to slow down in the
near future. Therefore, the effects of warming SST on the biosphere shall be carefully monitored,
investigated and well understood. Climatological time-series observations, model simulations and remote
sensing are crucial in understanding and predicting climatic events, especially in ocean sciences.
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Figure 1

The map of the Cilician Basin. KTS stations are on the left. ERA5 stations on the right. The red section in
the ERA5 map indicates the selected stations.
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Figure 2

Annual mean SST of the observational time-series data of Kyrenia Meteorological Station between 1995
and 2020.

Figure 3

SST anomalies of the observational time-series data of Kyrenia Meteorological Station between 1995
and 2020. The anomalies are calculated by removing the annual mean value of the period.
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Figure 4

Monthly mean SST between 1995 and 2020. Each month is colour coded and shall be seen in the
Legend. The black coloured plot is the annual mean. Solid lines are the regression 95%, and the dashed
line is the mean SST. Trend and mean values shall be seen in the Legend
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Figure 5

Time-series plot of monthly mean SST of observational data from 1995 to 2020. Black dots are the
months, and the solid red line is the trend line.

Figure 6

Time-series plot of monthly mean SST of ERA5 reanalysis from 1995 to 2020. The solid red line is the
trend line. Selected stations shall be seen in Figure 1.
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Figure 7

Monthly mean SST of the observational time-series data vs CTD monthly mean surface mixed layer
temperatures between 10/2015 and 06/2018.


