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The goal of this study is to evaluate the thermal properties of Köyceğiz Lake using in-situ measurements and satellite based thermal infrared imagery. In-situ measurements of surface water temperature and water depth, as well as meteorological data, were used in the analysis. Images of the Landsat 8 TIRS (Thermal Infrared (IR) Sensors) at IR channels were taken from the data archives of United State Geological Survey (USGS), and were validated with surface in-situ measurements. Specific Electrical conductivity (SEC) measurements done at the bottom of the lake were also used for a better understanding of the water thermal stratification and types (cold/hot) that impact on the underwater physical properties of the lake. In-situ measurements at the water surface were interpolated using a new method known as 'Empirical Bayesian Kriging (EBK)'. The 2D and 3D (dimensional) temperature maps were generated using the Delaunay triangulation technique which utilizes nearest neighbor interpolation method. The results show that the correlation coefficient (R 2 ) between water surface temperatures (WST) from in-situ measurements and IR channels is found to be greater than 0.86. The analysis of 2D and 3D temperature mapping of the lake water revealed evidences for subaqueous cold spring occurrence in the northern part and subaqueous hot springs in the south-western part of Koycegiz Lake. It is concluded that correlating in-situ water temperature measurements to Landsat 8 TIRS images is an efficient method for temporal and spatial evaluation of lake water characteristics.

Introduction

Evaluation of physicochemical properties of groundwater and lake-surface water is important for water management plans. Water temperature (Tw) is a crucial physicochemical parameter in order to evaluate possible intrusions of hot and/or cold springs into a water body. Since the early 1990s, Tw has been estimated using satellite infrared (IR) thermal channels. The Tw estimated by the satellite IR data has been usually found to be comparable with in-situ Tw measurements (e.g., [START_REF] Handcock | Accuracy and uncertainty of thermal infrared remote sensing of stream temperatures at multiple spatial scales[END_REF][START_REF] Politi | Using the NOAA Advanced Very High Resolution Radiometer to characterize temporal and spatial trends in water temperature of large European lakes[END_REF][START_REF] Simon | Retrieving water surface temperature from archive LANDSAT thermal infrared data: Application of the mono-channel atmospheric correction algorithm over two freshwater reservoirs[END_REF].

Water temperature in lakes, streams, coastal areas, and oceans is primarily affected by groundwater input, and it is an important indicator when studying parameters such as water quality, aquatic organisms, and land use [START_REF] Handcock | Chapter 5-Thermal infrared remote sensing of water temperature in riverine landscapes[END_REF]Mourini et al. 2013;[START_REF] Flipo | Continental hydrosystem modelling: The concept of nested stream-aquifer interfaces[END_REF]Vilmin et al. 2016;[START_REF] Cousquer | Estimating River Conductance from Prior Information to Improve Surface-Subsurface Model Calibration[END_REF]. Changes in water temperature can either be due to changes in natural conditions or anthropogenic effects like irrigation, energy production, transportation and fisheries. Table 1 shows a summary of literature related to surface temperature products used for monitoring purposes. Table 1 also presents the Tw literature search for different types of satellite sensors with various (coarse/fine) resolutions on a daily basis. All authors agree that if there are in-situ measurements, a high level of accuracy can be achieved for predicting Tw.

The study of groundwater discharge (hot/cold springs) into a sea/lake/ocean via coastal or subaqueous outflows started appearing in the literature around the beginning of the 1990s [START_REF] Moore | Large groundwater inputs to coastal waters revealed by 226Ra enrichment[END_REF]Younger, 1996). [START_REF] Manga | Advective heat transport by low-temperature discharge in the Oregon Cascades[END_REF] measured Tw at springs and compared the surface water sensible heat flux (SHF) to the regional groundwater SHF. In the same area, [START_REF] Long | A one-dimensional heat-transport model for conduit flow in karst aquifers[END_REF] used a groundwater model and initialized it with the water temperature. In another work, [START_REF] Mejias | Methodological study of submarine groundwater discharge from a karstic aquifer in the Western Mediterranean Sea[END_REF], using satellite based observations for Tw stated that the discharge of groundwater into the marine environment occurs when coastal aquifers use a hydraulic connection with the sea and a greater hydraulic head. They also stated that most discharge occurs either along coastlines or on continental shelves, being concentrated over a few hundred meters from the coast.

There are over a hundred lakes in Turkey. Most of them are located in southwest of Turkey. The area includes both saline and freshwater lakes of about 10 of them. [START_REF] Kazancı | On the limnology of Salda Lake, A large and deep soda lake in southwestern Turkey: future management proposals[END_REF]Canoğlu et al. 2017, Canoğlu andKurtuluş, 2017). [START_REF] Bayarı | Determination of the origin of the waters of Köyceğiz Lake, Turkey[END_REF] comprehensively studied Köyceğiz Lake to reveal hydrogeochemical properties of the lake water and emphasized the importance of water recharge occurring at the bottom of the lake. The latest work by [START_REF] Avsar | Determination of spatial distribution and hydrochemistry of subaqueous thermal springs at the bottom of Köyceğiz, Alagöl, Sülüngür, Kocagöl Lakes and Fethiye-Göcek Bay[END_REF] [START_REF] Avsar | Geochemical and isotopic characteristics of structurally controlled geothermal and mineral waters of Muğla (SW Turkey)[END_REF] and Avşar and Kurtulus (2017) used 55 water samples that were collected from inland and along the coastal Mugla province (or city). They stated that there are 16 geothermal and 10 mineral water sources in the region. Their water temperature range was found to between 18.3 °C and 39.2 °C.

Remote sensing data, including microwave radiometers and satellite data was used by many studies (Kibena et al. 2013;[START_REF] Gultepe | Introduction Ice Fog, Ice Clouds, and Remote Sensing[END_REF], Gultepe et al. 2016, Pu et al. 2016) provided information about cloud water temperature, surface temperature, and atmospheric T profile. There are also several remote sensing studies in the literature that provide surface water temperature monitoring. For example, spatio-temporal information coming from different electromagnetic band spectrums of Landsat 8 can be used in water physical condition monitoring.

Landsat 8 satellite was launched in February 2013, which provided remote sensing data at high spatial resolution using the Operational Land Imager (OLI) and the thermal infrared sensors (TIR S). TIRS bands measured reflected radiance at 100 m spatial resolution at the surface using two IR bands (10 and 12 µm). They were resampled by interpolation methods at every 30 meters to match the resolution of OLI multispectral bands [START_REF] Lamaro | Water surface temperature estimation from Landsat 7 ETM+ thermal infrared data using the generalized singlechannel method: Case study of Embalse del Rıo Tercero (Cordoba, Argentina)[END_REF]. They stated that Landsat 7 ETM+ satellite data were used to produce a TIR image at the water surface from 8 µm to 15 µm.. Both Landsat 7 ETM+ and Landsat 8 OLI TIR bands have also been applied to predict Land Surface Temperature (LST) over last 10 years (Vlassova et al. 2014). These studies suggest that satellite based surface water temperature estimations are commonly used for hydrogeological applications.

In the present study, remote sensing techniques and in-situ measurements were applied to estimate hot/cold water bodies of Köyceğiz Lake using key parameters (surface/depth water temperature, specific electrical conductivity) that could be also predicted through satellite imagery and validated through field observations. The aim was to 1) estimate and validate the satellite derived data using in-situ measurement 2) use a new method known as 'Empirical Bayesian Kriging (EBK)' to interpolate surface water temperature 3) map 2D and 3D (dimensional) water temperature using the Delaunay triangulation technique to determine cold/hot water temperature variation.

Study Area

The study area is located in the Muğla province, SW Turkey. It is found at the junction of the Aegean and the Mediterranean Sea (Fig. 1). The altitude in the Köyceğiz watershed reaches up to 2265 meters. According to the temperature measurements over the last 30 years, the annual mean air temperature (Ta) observed in Muğla is about 15˚C. The long term summer and winter mean temperatures are 25˚C and 6˚C, respectively. The annual mean precipitation amount is 1159.2 mm, which makes Muğla province one of the regions having highest precipitation amounts in Turkey.

The mean annual meteorological values, recorded between 1950 and 2015, are given in Table 2 (MGM, 2015).

At geological point of view, Turkey is located in the tectonically active Alpine-Himalayan belt.

The movement of Afro-Arabian and Eurasian plates has resulted in a complicated geology in the region. This tectonic phenomenon results in high seismicity together with widespread geothermal activity in the region. In terms of seismic activity, Western Anatolia is one of the most studied regions in the world (Özen et al., 2012). The most important features in western Anatolia are E-W trending horsts and grabens. They are formed by deep seated normal faults resulting from crustal extension that has been dominant in the region since Miocene times. The study area is located on the Lycian Nappes (Figure 2); where the Beydağları Autochthon is the base rock in the region.

Lycian Nappes can be divided into 3 main units as Yeşilbarak Nappe, Carbonate Nappes, and Marmaris Nappe from bottom to the top (Şenel, 1997a, 1997b). The Late Lutetian-Early Burdigalian aged Yeşilbarak nappe is composed of shales and sandstones. Yeşilbarak nappe overlies the Beydağları Autochthon and the units of Lycian Nappes, the latter of which is overlain by carbonate units. The Lower Cretaceous Marmaris Nappe overlies all units in the region and is composed of peridotites. Due to high tectonic activity, several faults have been formed in the area. [START_REF] Bayarı | Determination of the origin of the waters of Köyceğiz Lake, Turkey[END_REF] stated that "Köyceğiz Lake is composed of two water layers, with the boundary between the two layers being around 10 m from the surface." The bottom water chemistry is similar to the thermal waters of Sultaniye spring water. This is probably due to the thermal hydrothermal discharge (subaqueous hot springs) from the lake bottom. The water chemistry of the upper layer is similar to that of freshwater [START_REF] Bayarı | Mixing dynamics of Lake Köyceğiz: Stable isotopes and in-situ 3D density measurements[END_REF].

Materials and Methods

In-Situ Measurements

Using the floating platform of Muğla Sıtkı Koçman University and YSI 6600 device (Fig. 3), SEC, temperature and depth values were measured horizontally along a dense and staggered grids in Köyceğiz Lake (Fig 4). The water depth temperature and the coordinates were also simultaneously recorded by a sonar-mounted GARMIN 421s GPS device. The coordinates and in-situ measurement data sets was matched by using time data. When the target point was reached, the YSI 6600 device was lowered to the bottom of the lake and the temperature, pH and EC measurements were made along vertical profiles. The details of in-situ measurement are given in Table 3.

Interpolation method

Empirical Bayesian Kriging (EBK) is a geostatistical interpolation method that automates the difficult aspects of building a valid kriging model. Other kriging methods require manual adjustment of the parameters, but EBK automatically calculates these parameters through a process of subsetting and simulations (Chiles and Delfiner, 1999). EBK method can handle moderately nonstationary input data estimates and then uses several semivariogram models rather than a single one. EBK accounts for errors, possible when estimating the underlying semivariogram, through repeated simulations [START_REF] Finzgar | Spatial distribution of metal contamination before and after remediation in the Meza Valley, Slovenia[END_REF].

EBK method is based on 3 main steps: Firstly, a semivariogram model is estimated based on the observed data set. Secondly, a new value is simulated at each of the observed data locations by using the semivariogram estimated in the previous step. Thirdly, a new semivariogram model is estimated using the newly simulated data at the second step. By using Bayes' rule, a weighting for this semivariogram model is calculated, which shows how likely the observed data can be generated from the semivariogram. The second and third steps are repeated and this process creates a spectrum of semivariograms [START_REF] Pilz | Why do we need and how should we implement Bayesian kriging methods[END_REF][START_REF] Krivoruchko | Spatial statistical data analysis for GIS users[END_REF]. New parameters are also needed for EBK, such as; subset size (defines the number of points in each subset), overlap factor (specifies the degree of overlap between subsets), and number of simulations (specifies the number of semivariograms to be simulated for each subset). For the creation of a semi-variogram cloud in EBK; subset size, overlap factor, the number of simulations, maximum neighbors, minimum neighbors and radius (m) are determined by order: 100, 1, 100, 50, 25 and 100. The semi-variogram cloud shows the best performance for the obtained results. Cross validation results are also observed for each interpolation and used to select for best fit.

Triangular Irregular Networks (TIN) using Delaunay triangulation were chosen to create a color surface mesh for temperature and SEC based on the depth of the lake. TIN is widely used in the GIS community to represent surface morphology. For this study, the idea was to create a regular mesh using TIN and to see how temperature spatially changes when the depth of the lake water changes. TIN can be used under a form of vector-based data and then it is constructed by a set of triangular points. The points are connected to each other as a series and form a network of triangles.

The Delaunay triangulation method was used for this study and the calculations were done in Matlab (2014b). The 2D/3D temperature color mesh grid was generated using Delaunay triangulation. It is a very common interpolation method in the literature and detailed information can be found in Pozrikidis (2015).

Thermal -infrared image analysis

The dataset used in this study is presented in Table 4. The metadata used from Landsat 8 TIR for Band 10 (wavelength: 10.6-11.19 µm) is given in Table 5. For Landsat 8, Band 10 is used to estimate the temperature value of each pixel in the image. All Landsat images were further rectified to a common Universal Transverse Mercator (UTM) coordinate system (WGS 84 datum). Table 6 gives the temperature values at the time of the images were recorded. 1) and Eq. (2). Table 5 shows the parameters that are needed for satellite based brightness temperature calculations that can be done as:

= + , (1) 
where, M is the radiance multiplier, DN the pixel digital number, B measured reflected radiance, and TOA (top of atmosphere) spectral radiance in units of W m -2 sr -1 µm -1 . Accordingly, brightness T (TB in Kº) can be obtained as

= /(ln + 1 , (2) 
where K1 and K2 are band specific thermal conversion constants. The temperature values obtained by TB are for black body. Therefore, the emissivity (ԑ) becomes necessary, according to the nature of land cover. Ground level surface temperature (T) can be calculated using Eq. ( 3) given below where ԑ is the water emissivity at 0.98) [START_REF] Du | A Practical Split-Window Algorithm for Estimating Land Surface Temperature from Landsat 8 Data[END_REF]:

= /(1 + + ) , (3) 
where λ is the measured irradiance for a given wavelenght at the satellite level (λ= 11.5 µm for Landsat 7; λ= 10.8 µm for Landsat 8; λ= 12 µm Band 10) for Landsat 8) [START_REF] Markham | Spectral characterization of the LANDSAT Thematic Mapper sensors[END_REF], ρ=h*c/σ (1.438x10 -2 m K), σ= Stephan-Boltzmann constant (1.38x10 -23 J K -1 ), h=Planck's constant (6.626 x 10 -34 J s), and c the velocity of light (2.998 x 10 8 m s -1 ). All of the calculations are done using the ArcGIS software (ESRI, 2013).

Results

The results are presented in two parts. The first part focuses on the results of remote sensing analysis from which in-situ measurements were compared with surface temperature data. The second part includes surface and deep water temperature profiles and SEC measurements that uses interpretation of results based on EBK interpolation and Delaunay triangulation methods.

Remote Sensing Analyses Results

Landsat 8 TIR Band 10 images were compared with in-situ temperature measurements. Figure 5 and Figure 6 give the correct Landsat thermal images according to the appropriate regression equation for Köyceğiz Lake. Table 7 presents a geostatistical summary of the comparison of insitu measurements and Landsat 8 TIR images. Regarding the surface temperature, the SW part of the lake was observed to be hotter than the NE part (Fig. 5, Fig. 6). It is known that, there exists thermal springs in the south western part of the Köyceğiz lake, named "Sultaniye SPA". This thermal source probably affects the surface water temperature in the southern part of the lake.

A sensitivity analysis is needed to understand the uncertain contributions of external and internal factors in order to estimate the water temperature distribution. The sensitivity analysis shows that external and internal factors which influence the uncertainty could be reasonable as they are not having an extreme influence on the results of the current study. The factors which can influence the uncertainty addressed by the literature are summarized in Table 8.

Interpolation Analyses Results

Surface Water Temperature Interpolations

Fig. 7 presents the general temperature distribution for all in-situ temperature measurements at the surface of Köyceğiz Lake, using EBK interpolation methods. Two rivers are discharges into the Köyceğiz Lake central parts, which result in a decrease in temperature. Along the coastal area of the lake, the temperature was relatively higher than the central parts, most probably due to slightly lower depth of the water body and also the atmospheric conditions. Southwestern part of the lake is hotter than the northeastern part (Fig7.). The significant effect of the thermal source (Sultaniye spa) at the southern shore of the lake can be seen in the surface in-situ temperature measurements in the southern part of the lake.

Deep Water Temperature and Deep Water SEC Interpolations

Deep temperature estimates were done using the EBK interpolation and Delaunay triangulation methods. In order to better understand the influence of subaqueous cold/hot springs, the EBK results were divided by the bathymetry to normalize the data. The normalized temperature is defined as (2 * (X -Xmin) / (Xmax -Xmin) -1), where X is the temperature values, and

(Xmax-Xmin) is the amplitude of the temperature. The values will be in the range of [-1 1]. Figure 8 shows the normalized depth water temperature interpolation map of Köyceğiz Lake using the EBK method. The map shows local temperature anomalies (positive/negative) in Köyceğiz Lake.

More detailed analyses were done to better understand how the temperature pattern is propagated in the deeper parts of Köyceğiz Lake. The thermal stratification of Köyceğiz Lake has been shown using the triangulation method. This method uses the nearest neighbor interpolation method to visualize hot and cold areas using a refined grid color pattern in 2D and 3D.

2D and 3D Triangular irregular networks (TIN) using Delaunay triangulation deep water temperature and SEC maps were prepared (Figure 9). Thermal gradient in the deepest part of the lake can be seen at its south-western part. There are two main subaqueous hot springs in the southwest part of the lake which are influenced by Sultaniye SPA, an area of minimum 2 km 2 at the bottom of the lake.

The thermal stratification of Köyceğiz Lake could also be the cause of change in temperature at different depths of the lake. This is due to the change in the water's density with temperature. The atmosphere forces a temperature signal at the surface of the waterbody. As a consequence, thermal stratification can be observed during the warm season, if a lake is sufficiently deep. Bayari et al.

(1995) found a level changing of around 10 m. Our results show that Köyceğiz lake is a meromictic lake, however, it significantly decreases in water temperature at a depth of 5m (Fig. 10). The first layer of the lake is from surface to 5m deep. This layer has less mineralized water. The bottom layer is richer and contains more saline water. Between the top and bottom of the lake, there is an apparent physicochemical parameter shift.

Discussion and Conclusion

This study provides a different approach for mapping water temperature variations of Köyceğiz Lake, Turkey. This study shows the capability of high spatial resolution of in-situ measurement and satellite images in providing quantitative data for mapping the water temperature variations.

This study also demonstrate that the surface water temperature can be correlated with Landsat 8 satellite images. Deep water temperature and SEC measurements evaluated by using different interpolation techniques and they were used to validate several water inputs (hot/cold) to the Lake.

The following conclusions can be made according to the obtained results:

• The comparison of Landsat 8 thermal images shows a strong correlation (R 2 >0.68) with the in-situ measurements of the surface water temperature. In the South-West part of Köyceğiz Lake, there is a significant influence from Sultaniye hot spring, as presented in the surface temperature interpolation maps.

• A hot thermal gradient plume at Köyceğiz Lake was proven using the Delaunay triangulation method. The cold spring and the influence of the rivers are apparent in the northern part of Köyceğiz Lake.

• The middle part of the lake (low depth), the water body has a lower temperature compared to other parts of the lake.

• There exist evidence of more than 5 subaqueous hot springs at the bottom of Lake Köyceğiz. SEC maps also validate the inputs to the lake. The 2D and 3D stratification of the lake was done using the Delaunay triangulation method (Fig. 9). The grid method was shown to be very successful for visualizing huge amount of data.

• The temperature decrease at a depth of 7m is significant evidence of thermal stratification in the North and South basin part of Köyceğiz lake (Figure 10). The temperature and EC of the water above 5m is approximately 26 ºC and 4000 µS/cm respectively. Below 5m, the water temperature is decreases down to 15 ºC and EC reaches up to 18000 µS/cm.

• The water surface temperature (Tw) can be obtained from Landsat 8 TIR images with a medium level of uncertainty (±2ºC) under a condition that there are no clouds In order to have more accurate monitoring of temperature (±1ºC), the resolution of the satellite images has to be increased or airborne thermal images must be used.

• If the weather conditions are also well known and measurement stations are close to the observation points, some parameters leading to errors such as the flow condition, air temperature, wind velocity effects etc. can be evaluated and then, the errors could be reduced.

In future work, the water temperature profiles obtained from the in-situ observations will be used in calibration and validation of the numerical models developed on a coarse scale. The techniques used here can also be used in ecological and hydrological studies for water quality and temperature monitoring and climate impact assessment. -9.9 -8.5 -3.6 1 6.7 10.5 10.9 5.6 0.2 -6.1 -8.4 
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Table 1

 1 Literature survey related to surface temperature estimation

	Authors		Sensor	Range	Study Area	Time	Process
	Torgersen et al.	Airborne	5 to 27	Western and	1999	Evaluating	the
	(2001)			thermal	°C	Eastern		physical factors that
				infrared		Oregon, USA		influence the accuracy
								of thermal remote
								sensing
	Handcock et al.	MODIS,	Average	Washington	2001-		
	(2006)			ASTER,	temperat	State, USA	2002	Stream temperature
				LANDS	ure 17.2			estimation	for
				AT	±5.2 °C			different scales
				7ETM+					
	Alcantara	et	MODIS	12 to 35	Brazil	2003-	Analyses of heat
	al., (2010)			°C		2008	fluxes and calculation
								surface energy budget
	Tonollaa et al,	Thermal	7.4 to 30	Alpine River	2004	TIR	images	to
	(2010)			infrared	°C	floodplains		quantify	surface
				Camera		Tagliamento,		temperature patterns
						Italy		at	12-15	minute
								interval over 24h
								cycles
	Bresciani et al.,	MODIS	0 to 30	Lake	2005-		
	(2011)				°C	Trasimeno	2008	Temperature-Chla
						Lake Garda,	2004-	relationship
						Italy	2009		
	Politi et al., (2012)	AVHRR 0 to 30 °C	Lake Geneva, Switzerland Balaton, Hungary	1993-1996 2001-2005	Spatial distribution of temperature for European Lakes
	Simon et al., (2014)	Landsat ETM+	4 to 25 °C	Lake Bariousses, Lake Bimont, France	2009-2013	Historical prediction of temperature for different lakes
	Tamborshi et	Airborne	17 to 23			Investigate
	al. (2015)		thermal	°C	Long Island,	2013-	submarine
				infrared		NY, USA	2014	groundwater
				(TIR)				discharge (SGD)
	Liu (2016)	et	al,	Airborne thermal infrared (TIR)	9 to 20 °C	Heihe River, China	2012	Investigate groundwater interaction	surface

Table 2

 2 Mean annual meteorological values between 1950-2015 in Mugla Station. (MGM, 2015) MUGLA Jan. Feb. Mar Apr May June July Aug. Sep. Oct. Nov. Dec.

		Mean annual between (1950 -2015)		
	Mean							
	Temperature	5.5	6.1	8.5	12.5 17.6 22.9 26.3 26.1 21.7 15.9 10.5 7
	(°C)							
	Mean							
	Maximum Temperature	10	11	14.3 18.7 24.3 29.8 33.5 33.6 29.4 23 16.5 11.5
	(°C)							
	Mean Minimum							
	Temperature	1.6	1.9	3.6	6.9 11.2 16.1 19.7 19.7 15.2 10.1 5.7	3.2
	(°C)							
	Average sun day (hour)	3.4	4.4	5.5	7.2 8.4 10.3 11.2 11	9.3 7	4.5	3.2
	Average total day rainfall	14.9 13	11.1 9.5 8	3.7 1.7 1.3 2.7 6.6 9.9	14.6
	Mean rainfall (kg/m 2 ) total	233.8 176.2 119.9 65.4 50.1 23.4 7.8 8	18.6 68.3 138.9 259
		The minimum and maximum temperature between 1950 -2015
	Maximum							
	Temperature	20.9 21.2 28.8 31.2 35.7 40.8 42.1 41.2 38.8 35 27.6 20.8
	(°C)							
	Minimum							
	Temperature	-11						
	(°C)							

Table 3

 3 In-Situ measurement information

				In-Situ	Measurement
		Parameters		time interval
		Surface Temperature,	Depth	Satellite
		Electrical	CDT
	Date	Conductivity	
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