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Abstract
This study included a model-based analysis on the effects of near-future climate and land-use
changes (represented by years 2031-2060) on the hydrology and trophic state of Lake Beyşehir, the
largest freshwater lake in Turkey. A sampling program was implemented and completed in the period
April 2010 – April 2012, in which tributary nutrient loads and in-lake nutrient and plankton data were
collected at monthly frequencies. The data was collected to understand the dynamics of the Lake
Beyşehir ecosystem, and for validating hydrological and ecological models. The collected data
revealed that the lake currently is of low trophic status (oligo- to mesotrophic), and a sensitivity
analysis of a hydrological model (SWAT) for the Lake Beyşehir catchment further suggested that
snow fall and snow melt dynamics are key factors influencing the seasonality of tributary inflows and
nutrient loads to the lake. Scenario output for precipitation and air temperatures from three regional
climate models (ECHAM5-KNMI, HadRM3P-HadCM3Q0 and SMHIRCA-BMC), based on the IPCC A1B
emission scenario, were used as input to the hydrological model. Projections by the hydrological
model on future nutrient loads combined with air temperatures from the climate models were
subsequently provided to three individual lake ecosystem models (DYRESM-CAEDYM, PROTECH and
PCLake) to project the effect of future scenarios on phytoplankton biomass and dynamics in Lake
Beyşehir. For the future scenarios, all three climate models project a considerable decrease in
precipitation for the near-future period (up to 20% reduction on an annual basis relative to the
baseline period of 1981-2010), and according to the hydrological model the total water supply to
Lake Beyşehir may be reduced up to 30%. Consequently, nitrogen and phosphorus loads to the lake
are projected to decrease by as much as 36 and 53%, respectively, for the near-future scenarios.
Despite the dramatic decrease in nutrient loads, the phytoplankton biomass of Lake Beyşehir will,
according to projections by the three lake ecosystem models, only change slightly (reductions up to
10%), and the yield of phytoplankton biomass to nutrient load is thus projected to increase with the
warming of the near-future scenarios. When combining the future climate projections with a series
of potential land-use changes (e.g., intensification of agriculture by increasing fertilizer use by 20%)
only minor additional change on phytoplankton biomass of Lake Beyşehir is projected, relative to the
effects of climate change alone. Given the dramatic hydrological changes projected in the nearfuture scenario, it is recommended that additional research on the hydrology focus on longer-term
scenarios (e.g. 100 years from now and beyond) and thus aim to elucidate at which point in the
future that Lake Beyşehir may no longer exist, as in recent years has already been the faith of several
Turkish lakes.
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1. Introduction to Lake Beyşehir and its catchment
Lake Beyşehir is the largest freshwater lake in Turkey. It has a surface area of approximately 650
km2, and a mean and max depth of 5 and 9 m, respectively. While the water level is fluctuating
naturally with seasonal variations of 0.5-1 m, a long-term general trend of declining water levels has
been observed in recent decades. Since the water level peaked at around 1125 m.a.s.l. in the mid
80s, the water level has decreased by 4-5 m (Dursun, 2010), likely as a result of overexploitation and
climate change. It is therefore a serious risk that the lake may disappear in the near future as
increased demand for water and climatic changes continues. Water from the lake and catchment is
currently used for both drinking water and agricultural irrigation.

2. Study area and existing data
2.1. Study area
Lake Beyşehir is primarily fed by waters from the Sultan and Anamas mountains. The catchment area
is approximately 4,600 km2 (Fig. 1), consisting mostly of range land (brush, 48%), agriculture (30%)
and forest (6%). The majority of agricultural land is cultivated with wheat, barley, chick peas or sugar
beet. The catchment is situated at relatively high altitudes ranging 1050 - 3000 m.a.s.l. The trophic
status of the lake itself is within an oligotrophic to mesotrophic range (Wetzel 2001), in terms of low
phytoplankton biomass and nutrient levels.

*
*

Figure 1. Lake Beyşehir and its catchment, situated in the Isparta and Konya provinces of south-western
Turkey. In the left figure locations of main tributaries and in-lake stations are also given.
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2.2. Existing and new data
2.2.1. Existing data
Historical data on nutrient levels within the lake, and in main tributaries, are either non -existing or
of questionable quality. Consequently, an intensive two-year monitoring program was initiated in the
REFRESH project to provide a better understanding of seasonal dynamics of biogeochemical
processes within the lake as well as in the main tributaries, and further to provide essential data for
model forcing, calibration and validation.
2.2.2. REFRESH data
The two-year monthly monitoring program has been running within the period April 2010 – April
2012. Throughout the sampling period:
-

For both main tributaries and in-lake stations, conductivity, total dissolved solids estimate
(TDS), pH, dissolved oxygen, temperature and salinity were measured in the field using a YSI
556 MPS multi-probe field meter (YSI Incorporated, OH, USA).

-

Water samples from 14 tributary channels (13 inflows and one outflow) and from two
stations within the lake (Fig. 1) were collected in order to analyze total nitrogen (TN), nitritenitrate (NO2-NO3), ammonium (NH4), total phosphorus (TP), soluble reactive phosphorus
(SRP), alkalinity and total suspended solids (TSS). From the lake stations water samples were
collected using a Ruttner sampler covering the entire column, and these water samples were
also used for chlorophyll a (Chl-a), and plankton analysis. In addition, Secchi disc depth and
maximum water depth was measured at each sampling period. All samples (for nutrients and
chlorophyll a) were stored in cool boxes after collection, and frozen immediately upon return
from the field. To determine TP, the acid hydrolysis method was used (Mackereth, Heron &
Talling, 1978). To determine SRP, filtered water was processed using the molybdate reaction
method (Mackereth et al., 1978). Nitrogen analysis including total TN, NO2-NO3-N and NH4
was undertaken using the Scalar Autoanalyzer Method (San++ Automated Wet Chemistry
Analyzer, Skalar Analytical, B.V., Breda, The Netherlands). Chl-a was measured
spectrophotometrically after using the ethanol extraction method (Jespersen &
Christoffersen, 1987).

-

For zooplankton enumeration, 20 liter of water was filtered through a 20µm net in the field
and for phytoplankton enumeration 50 ml of water was taken from integrated water column
sample. Zooplankton and phytoplankton samples were preserved in lugol solution of 4% and
2%, respectively. For zooplankton identification, Cladocera and Rotifera were identified to
the genus level while Copepoda were identified as nauplii and advanced stages of cycloploid
and calanoid copepods. To calculate biomass (Dumont et al., 1975; McCauley, 1984), the
body length of at least 25 individuals of the dominant species was measured. Phytoplankton
counts were made according to the Utermöhl technique (1958). Samples were counted until
reaching 100 individuals of the most abundant species. Biovolume was calculated according
to Hillebrand et al. (1999) and Sun et al. (2003). At least 10 individuals of each species were
measured and the mean measurement was used for biovolume calculation.

-

In September 2010 and 2011 macrophyte and fish surveys were conducted. Macrophytes
were surveyed along parallel transect lines with even intervals around the lake. Percentage
cover was recorded for submerged macrophytes in each point on the transect lines, and
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percent plant volume inhabited (PVI%) was calculated using coverage, average height of the
macrophyte and water depth (Canfield et al., 1984).
-

Since Lake Beyşehir has a large surface area, fish surveys are conducted at 3 different regions
(Fig. 2) within the lake. The composition and abundance of fish (Catch per unit effort - CPUE)
were determined by overnight fishing with Lundgren gill nets with multiple mesh sizes: 5,
6.25, 8, 10, 12.5, 15.5, 19.5, 24, 29, 35, 43, and 55 mm, each section being 3 m long and 1.5
m deep. For each region 7 Lundgren gill nets were used for littoral and 14 nets were used for
pelagic zone. Since depth of the pelagic zone is deeper than 3m and to represent the fish
fauna better, pelagic fish sampling was conducted at two zones: 7 nets were placed to cover
the first 1.5 m of the pelagic (from surface) and 7 nets were set to cover 2-3.5 m depth.
Pelagic and littoral nets were set parallel to each other and left overnight for an average
duration of 12 hours.

Figure 2. Sampling regions for the fish surveys

Monitoring data collected from Lake Beyşehir revealed that the lake is of low trophic status with low
nutrient levels and low phytoplankton biomass (Fig. 3), and with a macrophyte coverage,
represented by estimates of the average plant volume inhabited (PVI) ranging 8-20% (Fig. 4). During
the sampling period there was a water level variation up to 1.5 m among seasons and secchi depth
varied between 0.5-3.2 m (Fig. 4). The concentration of the inorganic forms of nitrogen and
phosphorus were generally very low, and the TN:TP mass ratios ranged 3 to 24 in the two-year time
series from within the lake, indicating that primary production in the lake may be alternating
between being phosphorus and nitrogen limited. Within the monitoring period, zooplankton biomass
was mostly dominated by Cladocera (Daphnia, Diaphanosoma, Bosmina) which are effective grazers
and can result in a lowering of phytoplankton biomass (Fig. 5). In addition, fish surveys conducted in
late summer in 2010 and 2011 showed the highest fish population within the littoral zone and
further revealed that the population was dominated by Cyprinids. In total, 15 different fish species
were caught during the sampling campaign and dominant species were Atherina boyeri,
6

Pseudorasbora parva, Leuciscus Lepidus, Carassius carassius. Some of the fish species caught are
endemic to Lake Beyşehir and Central Anatolia such as Squalis anatolicus, Chondostroma
beysehirense, Pseudohoxinus anatolicus, which are also listed on the IUCN Red List of Threatened
Species.

Figure 3. Times series of total chlorophyll a, total nitrogen (TN), nitrate (NO3), ammonia (NH4), total
phosphorus (TP) and soluble reactive phosphorus (SRP) from Lake Beyşehir for the period April 2010 – March
2012.
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Figure 4. Maximum depth and Secchi depth throughout the sampling campaign (A), and the plant coverage
of Lake Beyşehir in September 2010 and 2011 (B).
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Figure 5. Seasonal average of zooplankton and phytoplankton biomass (wet weight) and fish CPUE (Catch per
unit effort).

The samples collected from the main tributaries to the lake (Fig. 6) revealed that the highest nutrient
concentrations were present in the subbasins that have a relatively high proportion of agriculture
(the northern and eastern part of the catchment). The time series further revealed that nutrient
concentrations were much lower in the lake relative to the tributaries, where TP and TN
concentrations in the lake amounted to 15% and 25%, respectively, of the average concentrations
measured in the inflows.
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Figure 6. Average concentration of total nitrogen (TN), nitrate (NO3), ammonia (NH4), total phosphorus (TP)
and soluble reactive phosphorus (SRP) in the inflows (inflow numbers relate to the subbasin numbers
delineated by the SWAT model in Fig. 7) and within Lake Beyşehir for the period April 2010 – March 2012.

The majority of the nitrogen load originate from NO3 (> 75%), while soluble (dissolved) reactive
phosphorus (SRP) constitute around 25% of the total phosphorus load, where the remainder
phosphorus presumably originate from inorganic and organic particulates. The monitoring program
did not allow us to distinguish between these latter two species, nor was it able to indicate the
bioavailability of these species.

3. Model setup
To describe the current water and nutrient loads to the lake, and also enable simulations of the
effects of future climate and land use changes on Lake Beyşehir, the SWAT model (Soil and Water
Assessment Tool) has been applied (Arnold et al. 1998). SWAT is a catchment (river basin) model
developed to quantify the impact of land management practices on surface waters in large, complex
catchments. The model is a physically based, semi distributed model, which has been tested (e.g., for
agricultural water management purposes) and published extensively in the peer-reviewed literature
for catchments ranging in size from < 1km2 (Gassman et al. 2007) to > 1mill. km2 (Schoul et al. 2008,
application to Africa). SWAT is a public domain model (free and open source, http://swat.tamu.edu/),
and actively supported by the USDA Agricultural Research Service at the Grassland, Soil and Water
Research Laboratory in Temple, Texas, USA.
To quantify the potential effects of land use and climate changes on the aquatic ecosystem of Lake
Beyşehir, an ensemble of three lake ecosystem models was applied. The three models used in this
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study were DYRESM-CAEDYM (Hamilton and Schladow, 1997), PROTECH (Elliott et al., 2010) and
PCLake (Janse, 1997), which are among the most widely used and published lake ecosystem models
(Trolle et al., 2012). Hence, information from a series of climate models projections as well as from
the SWAT model scenarios is translated into temperature and nutrient load input to the lake
ecosystem models (Fig 7), all of which focusses on total phytoplankton biomass as an representation
of trophic state.

Figure 7. Scenario application procedure for Lake Beyşehir and its catchment.

3.1. Catchment delination and model input data
SWAT requires three data inputs to run, besides climate forcing. These data include a digital
elevation map (DEM), land use and a soil maps. Catchment delineation was done using both the
SRTM (http://earthexplorer.usgs.gov/, 90 m resolution) and the ASTER (30 m resolution,
http://gdex.cr.usgs.gov/gdex/) digital elevation models. To delineate the main tributaries, and key
sampling locations, ASTER proved best, after smoothing to 90 m resolution and a burnin (a
deepening of the DEM surface at the locations of known streams and lake surfaces). The final
catchment delineation by SWAT, where the catchment is split into smaller subbasins, gave a total
area of 4,644 km2 (including lake), divided into 16 subbasins (Fig. 8 A). Based on the DEM, we
aggregated the landscape slopes into three slope classes (Fig. 8 B). Data on land use was obtained
through Corine 2006 (COoRdinate INformation on the Environment,
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster) land data base (Fig.
8 C), which is a pan-European land cover/ land use map provided in 100 m resolution. Finally, data on
soils were obtained through the Harmonized World Soil Database
(http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database/HTML/), which is
provided in a 1 km resolution (Fig. 8 D). Soil hydrological – and physical parameters were derived
from soil particle size data using the Hypress model (Wösten, 2000).
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B
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Figure 8. Delineation of the Lake Beyşehir catchment and subbasins in SWAT (A), slope classes in SWAT (B),
land use classes in SWAT (C), and soil classes in SWAT (D).

3.1.1. Agricultural management
Data on agricultural management was obtained through local authorities (Beyşehir District
Directorate of Agriculture) and agricultural experts from The Republic of Turkey, Ministry of Food,
Agriculture and Livestock. Based on districts statistics, we split the agricultural land area (denoted
AGRL in Fig. 8 C) into four types: winter wheat (41%), winter barley (31%), chick peas (gram, 24%)
and sugar beets (4 %). Each agricultural type was assigned a management schedule, which was based
on information from local agricultural experts (Tables 1-4).
Table 1. Management rotation for winter wheat.
Year
Month
Day
Operation
1
2
15
Fertilizer application
1
3
31
Fertilizer application
1
7
10
Harvest and kill operation
1
10
15
Tillage operation
1
11
8
Fertilizer application
1
11
9
Fertilizer application
1
11
10
Sowing

Detail
30 kg N/ha
30 kg N/ha
Moldboard Plow 2-way 4-6b
60 kg P/ha
30 kg N/ha
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Table 2. Management rotation for winter barley.
Year
Month
Day
Operation
1
2
15
Fertilizer application
1
3
31
Fertilizer application
1
7
10
Harvest and kill operation
1
10
15
Tillage operation
1
11
8
Fertilizer application
1
11
9
Fertilizer application
1
11
10
Sowing
Table 3. Management rotation for chick peas.
Year
Month
Day
Operation
1
3
10
Fertilizer application
1
3
11
Fertilizer application
1
3
25
Sowing
1
7
15
Harvest and kill operation
1
11
15
Tillage operation
Table 4. Management rotation for sugar beets.
Year
Month
Day
Operation
1
3
5
Fertilizer application
1
3
6
Fertilizer application
1
3
15
Sowing
1
5
1
Auto irrigation initialized
1
10
1
Harvest and kill operation
1
10
2
Tillage operation
1
11
1
Fertilizer application
1
11
11
Tillage operation

Detail
30 kg N/ha
30 kg N/ha
Moldboard Plow 2-way 4-6b
60 kg P/ha
30 kg N/ha

Detail
70 kg P/ha
25 kg N/ha

Moldboard Plow 2-way 4-6b

Detail
30 kg P/ha
170 kg N/ha

Moldboard Plow 2-way 4-6b
60 kg P/ha
Moldboard Plow 2-way 4-6b

3.1.2. Climate forcing data
Time series of local daily climate data for the period January 1990 to April 2012 were compiled from
two meteorological stations, Beyşehir (37° 41' N,31° 44' E) and Seydisehir (37° 26'N, 31° 51'E), which
are located by the outlet of the lake in the south-east area (Turkey State Meteorological Service,
http://www.mgm.gov.tr). These data included precipitation, minimum and maximum air
temperature, solar radiation, relative humidity, wind speed and cloud cover (the latter only needed
for the lake ecosystem models). For the 2010-2012 time period data from an additional three
precipitation gauges were used, including Yeşildağ (37°32'N, 31°28' E), Gölyaka (37°43'N 31°26'E) and
Gedikli (37°53' N 31°20' E), which were located within the southwest and west area of the Lake
Beyşehir catchment (provided by the General Directorate of State Hydraulic Works,
http://www.dsi.gov.tr).
3.1.3. Input for lake ecosystem models
Climate forcing data needed for DYRESM-CAEDYM including daily mean air temperature (°C), shortwave radiation (W m-2), cloud cover (fraction of whole sky), vapour pressure (hPa), wind speed (m s-1)
and rainfall (m) was compiled from the meteorological station in Beyşehir. Predicted water column
temperatures from DYRESM-CAEDYM was used as forcing data in PROTECH and PCLake. Inflow and
outflow rates, and nutrient loads for the lake ecosystem models were compiled from the two-year
monitoring program.
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3.2. Model calibration and testing
3.2.1. Calibration by inverse modelling
Calibration of monthly flow and nutrient loads is performed using the Sequential Uncertainty Fitting
(SUFI-2) procedure by Abbaspour et al. (2007), implemented through the SWAT-CUP (SWAT
Calibration and Uncertainty Procedures) software. SUFI-2 performs a combined optimization and
uncertainty analysis accounting for non-uniqueness/equifinality of complex models (Beven and Freer,
2001). It uses a global search procedure, and can deal with a large number of parameters through
Latin Hypercube Sampling.
The calibration of SWAT was performed on discharge (daily data) and nutrient load (monthly
frequency) estimates from the first year of the monitoring program, and validated against the second
year of the monitoring program. Additionally, an independent validation of discharge was performed
against a long-term discharge dataset comprised of monthly intervals of discharge in the main
tributaries for the period 1995-2001 (nutrient loads for this period is not available). The nutrient load
calibration focused on the readily bioavailable forms, NO3 and SRP (PO4), respectively (in the latter
text, SRP is referred to as mineral P, to align with the nomenclature of SWAT, and we therefore
assume that mineral P, as simulated by SWAT, is identical to SRP, and readily bioavailable). The focus
on NO3 and mineral P was chosen as these are both important constituents of the total nutrient
loads, and also as we assume that these are the most important sources of bioavailable nutrients and
therefore provide the most important link to the lake ecosystem models. Additionally, during the
course of the modelling application, we discovered that the sampling campaign likely have missed
some of the peak-flow events (during snow melt), where inorganic and organic particulates could
have been transported (by surface erosion and river-bank and -bed erosion) to the lake in high
quantities. While these particulate nutrients could account for a considerable portion of the total
nitrogen and phosphorus loads, which could potentially be simulated by the SWAT model, we have
no means of validating the model projections or the bioavailability of the particulates once reaching
the lake.
The lake ecosystem models were all calibrated with focus on phytoplankton dynamics. Each of the
models was calibrated by manual adjustment of parameter inputs (as no automatic produce is yet
available), attempting to optimize fit (by visual inspection) to observed total chlorophyll a
concentrations (a proxy for total phytoplankton biomass). To avoid initialization issues in both 2010
and 2011, the models were run continuously between January 2010 and April 2012, where the
sampling campaign stopped. As all three models were calibrated manually and run continuously to
2012, there was no formal separation of the observation data into a calibration and validation
period. However, model performance statistics were derived for both 2010 and 2011.

3.3. Sensitivity analysis
A global sensitivity analysis for SWAT model parameters has been implemented in the SUFI-2
procedure in SWAT-CUP (Abbaspour et al. 2007). Here, the included parameter sensitivities are
determined by calculating a multiple regression system, which regresses the Latin hypercube
generated parameters (generated for the iterations in SUFI-2) against the values of the objective
function. The sensitivities derived in SUFI-2 are estimates of the average changes in the objective
function resulting from changes in each parameter, while all other parameters are changing (thus
“global sensitivity”). A t-test is subsequently used to identify the relative significance of each model
parameter. This provides relative sensitivities based on linear approximations and constrained by the
parameter sampling ranges provided by the user. For the Beyşehir model application, we tested the
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sensitivity of model parameters using the long-term dataset for discharge for the period 1995-2001
(Table 5).
Table 5. The 10% most sensitive parameters identified by SUFI-2 for discharge to Lake Beyşehir (ranked by P2
values, where low values represent a high sensitivity), where the objective function br (a multiplication of
the regression slope and the coefficient of determination) has been used with an equal weight of the
discharges for all the subbasins used during calibration. The underscores followed by numbers (for the
parameter names) represent groups of specific subbasins for which the parameter values were changed
identically during calibration.
Parameter name
Parameter type
P-value
SMFMN.bsn

Melt factor for snow

<0.01

SMTMP.bsn

Snowmelt base temperature

<0.01

SNO50COV.bsn

<0.01

SOL_BD().sol________1,2,3

Fraction of snow volume represented by SNOCOVMX that
corresponds to 50% snow cover
Minimum snow water content that corresponds to 100%
snow cover
Threshold depth of water in the shallow aquifer required
for return flow to occur
Soil bulk density

CN2.mgt________15

Curve number,

<0.01

GW_DELAY.gw________15

<0.01

SOL_AWC().sol________4

Groundwater delay time (lag time for the movement
between bottom of soil profile and shallow aquifer)
Soil available water storage capacity

CN2.mgt________5,6,7,8,11,13

Curve number

0.01

SOL_BD().sol________5,6,7,8,11,13

Soil bulk density

0.01

SOL_AWC().sol________15

0.01

ESCO.hru________5,6,7,8,11,13

Available water capacity of the soil layer (also referred to as
plant available water)
Soil evaporation compensation factor

CH_W2.rte________14

Main channel width

0.03

REVAPMN.gw________1,2,3

Threshold depth of water in the shallow aquifer for ”revap”
or percolation to the deep aquifer to occur
Depth from soil surface to bottom of soil layer

0.03

SNOCOVMX.bsn
GWQMN.gw________15

SOL_Z().sol________5,6,7,8,11,13

0.02
<0.01
<0.01

<0.01

0.02

0.03

The ranking of sensitive parameters showed, not surprisingly, that snow melt parameters and curve
numbers were among the most sensitive model parameters, and demonstrate that runoff generated
by snow in the mountainous area in the west of the Beyşehir catchment is having a strong influence
on the water supply to the lake. While these parameters were sensitive, they were not changed
beyond what has been done in other modelling studies using SWAT (e.g., curve numbers would
typically be allowed to vary within a +/- 20% range from the initial value).

3.4. Scenario analysis
3.4.1. Climate scenarios
The output from three Global Circulation Model-Regional Climate Model combinations derived
during the ENSEMBLES project is used in REFRESH, including ECHAM5-KNMI, HadRM3P-HadCM3Q0
and SMHIRCA-BCM. The A1B emission scenario is used since this was used in ENSEMBLES. By 20502060, there is little deviation in climate model output due to the different emission scenarios, hence
using a single scenario is assumed acceptable. The baseline period within REFRESH is agreed to be
15

1981-2010 and the future scenario period 2031-2060. For the SWAT model application, we used the
first ten years of the baseline and future periods as warm-up for the model, and evaluated on the
results of the remaining twenty years of output.

Figure 9. Summary of climate model outputs, represented by annual precipitation (A) and daily average air
temperature (B) in the Lake Beyşehir catchment for the baseline (1981-2010) and future (2031-2060) periods.

The air temperatures of the future scenarios are generally not much higher, and in case of the SMHI
model output even lower than the observations collected from the meteorological station in
Beyşehir during 2010-2012 (Fig. 9). It should be noted, however, that the annual average air
temperature of 2010 was the highest ever recorded in the time series available to us (ranging years
1980-2012), being > 2°C warmer than the long-term average of 1980-2009. The HadRM3PHadCM3Q0 scenarios, for which the baseline period showed the greatest agreement with
observations from 2010-2011, also suggest the highest degree of warming in the future scenario,
increasing by 1-2°C in summer months, relative to current observations. The projected changes in
precipitation are of greater magnitude, and all climate models suggest a rather dramatic reduction in
precipitation in the future scenarios relative to the baseline period (ranging 10-20% reduction on
annual basis).
3.4.2. Land use scenarios, deposition and water use scenarios
From the REFRESH deliverable 1.7 (Review of socio-economic scenario frameworks and land use
scenarios in Europe) a summary of available literature on expected land use changes across Europe is
16

given. Based on four of the IPCC socio-economic emission scenarios, the report states, for example,
that Finland is the only country where agriculture may respond to climate change by increasing in
area in the expense of forest. Elsewhere, a national decreasing trend in agricultural area is expected,
as agricultural productivity increases and the less productive areas (e.g. dry regions in southern
Europe) may be abandoned.
The REFRESH deliverable 1.12 (Water use scenarios for the REFRESH demonstration catchments) also
summarizes that agriculture generally will move from southern to northern Europe in near future as
increasing drought reduces water availability in the south. Total water withdrawal in Turkey (of which
the majority is used for agricultural irrigation) is expected to decrease, caused by changes in
efficiency, socio-economic factors and policy, and also to a lesser extent influenced by climate
change. Crop yields in Turkey are also expected to decrease due to the high temperatures and
limited precipitation in future scenarios.
Based on the REFRESH Deliverables 1.12 and 1.7, and input from the Turkish Agricultural Ministry
and the Turkish branch of the World Wide Fund For Nature (WWF), four land and water use
scenarios (LC1-LC4) have been compiled for the future of the Beyşehir catchment. We emphasize
that these land-use changes (and magnitudes of change) represent a relatively near-future scenario
in the REFRESH context (2031-2060). Due to the relatively minor changes to land use in these
scenarios, and the uncertainty relating to atmospheric nutrient depositions, we assumed that this
would not change in this near-future scenario.

Scenario LC1: World market (A1F1) – effective agriculture
Assumptions: agricultural productivity will increase, the less productive areas will be abandoned, and there will
be some degree of urbanization within the catchment.






Change 15% of agricultural area to forest (8%) and medium density urban area (7%) in areas
where these land uses are present and able to expand
No change in fertilizer use
Change sugar beet (if any in subbasin) to barley
Irrigation is stopped (this is only done for sugar beet in the base scenario)

Scenario LC2: National enterprise (A2)
Assumptions: agricultural productivity will increase; the less productive areas will be abandoned, and there will
be some degree of urbanization within the catchment. Increased food demand and economic growth will
intensify the agricultural production by increased fertilizer use.






Change 10% of agricultural area to forest (5%) and medium density urban area (5%) in areas
where these land uses are present and able to expand
Increase in fertilizer use by 20%
Change sugar beet (if any in subbasin) to barley
Irrigation is stopped (this is only done for sugar beet in the base scenario)

Scenario LC3: Global sustainability (B1) – environmental farming
Assumptions: agricultural productivity will increase; the less productive areas will be converted to forest, and
there will be some degree of urbanization within the catchment. Some rotations will change to barley.





Change 15% of agricultural area to forest (13%) and medium density urban area (2%) in areas
where these land uses are present and able to expand
Change all winter wheat and sugar beet (if any in subbasin) rotations to barley
Irrigation is stopped (this is only done for sugar beet in the base scenario)
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Scenario LC4: Local stewardship (B2) – nature conservation
Assumptions: agricultural productivity will increase; the less productive areas will be converted to forest, and
there will be some degree of urbanization within the catchment. Measures are taken to reduce the impact of
agricultural production on downstream water bodies.







Change 20% of agricultural area to forest (15%) and medium density urban area (5%) in areas
where these land uses are present and able to expand
Decrease fertilizer use by 10% in agricultural areas
Irrigation is stopped (this is only done for sugar beet in the base scenario)
Change sugar beet (if any in subbasin) to barley
Insert 5 meter buffer strip along all agricultural areas in SWAT

Combined with the climate model scenarios, this comprises a total of 18 scenarios, which has been
implemented in SWAT (Table 6).
Table 6. Climate and land-use change scenarios implemented for the Lake Beyşehir catchment.
Scenario no.
Climate run/signal
Land-use/Water-use/deposition scenario
(4 scenarios)
1 (baseline 1)
Base run (RCM 1)
Base
2 (baseline 2)
Base run (RCM 2)
Base
3 (baseline 3)
Base run (RCM 3)
Base
4
Future Climate 1 (RCM 1)
Base
5
Future Climate 2 (RCM 2)
Base
6
Future Climate 3 (RCM 3)
Base
7
Future Climate 1
Scenario 1 (global)
8
Future Climate 1
Scenario 2 (local)
9
Future Climate 1
Scenario 3 (economic)
10
Future Climate 1
Scenario 4 (sustainable)
11
Future Climate 2
Scenario 1 (global)
12
Future Climate 2
Scenario 2 (local)
13
Future Climate 2
Scenario 3 (economic)
14
Future Climate 2
Scenario 4 (sustainable)
15
Future Climate 3
Scenario 1 (global)
16
Future Climate 3
Scenario 2 (local)
17
Future Climate 3
Scenario 3 (economic)
18
Future Climate 3
Scenario 4 (sustainable)
Base run period: 1981-2010
RCM 1: ECHAM5-KNMI
RCM 2: HadRM3P-HadCM3Q0
RCM 3: SMHIRCA-BMC
Future Climate 1: scenario output from RCM 1 (2031-2060)
Future Climate 2: scenario output from RCM 2 (2031-2060)
Future Climate 3: scenario output from RCM 3 (2031-2060)

4. Results
4.1. Model calibration and testing
Observations of discharge from the main tributaries to Lake Beyşehir from both the period used
during calibration and validation (2010-2012, Fig. 10) and the historical long-term period (1995-2001,
Fig. 11) revealed a clear seasonal pattern with peak-flows following the onset of snow melt, often
peaking in March-April, and very low, and at times zero, discharge rates for the remainder of the
year.
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Figure 10. Simulated and observed discharge rate used for calibration (1. March 2010 – 1. April 2011) and
validation (1. April 2011 – 1. April 2012) for the main tributaries to Lake Beyşehir.

Figure 11. Long-term validation of simulated discharge in the main tributaries to Lake Beyşehir. Best
simulation from 300 iterations is represented by red line, observations are represented by blue line, and the
95% prediction uncertainty (95PPU) from the iterations in SWAT-CUP is demonstrated by green band.
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The catchment-wide water balance simulated by SWAT (Fig. 12) also suggest a strong influence by
snow fall and snow melt dynamics, resulting in a relatively large contribution from lateral flow to the
overall water yield. A series of elevation bands has been implemented in SWAT, thus allowing for a
precipitation lapse rate to increase precipitation (and snow fall) at the high elevation along the
mountainous west border of the catchment.

Figure 12. Example of an annual average baseline water balance simulated by SWAT based on precipitation
and air temperatures from the HadRM3P-HadCM3Q0 model for the period 1981-2010 (first ten years used as
model warm-up).

While the period used for calibration (2010-2011) had only minor peak-flow events model
performances for discharge rates were generally good (Table 7), and the long-term discharge
validation also revealed that the SWAT model was able to explain the majority of variation and
seasonality in discharges for the tributaries (Table 8).
The observed nutrient loads were very low, and inorganic P and nitrate concentrations in the
tributaries were generally low, and at times below detection limits. Consequently, there were no
clear seasonal patterns in the monthly observations of mineral P loads in the tributaries (Fig. 13), and
while the SWAT model suggest that there were some peak-loads during the period January-March
2012, the sampling program did not include this particular period, and the validity of these peakloads could thus not be validated.
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Figure 13. Simulated and observed mineral P load for the main tributaries to Lake Beyşehir for the period
April 2010 – March 2012.

Similar to mineral P loads, the nitrate loads were also generally low, albeit with a more clear
seasonality in both the observed monthly loads and the modelled loads. The nitrate load-peaks
aligned well with the snow melt periods, and thus peaked in the period January-March in both years
of the monitoring program, according to both the model and observations (Fig. 14). Given the low
seasonality in nutrient loads (and values close to or below detection limits), model performances
were also modest (Table 9).

Figure 14. Simulated and observed nitrate load for the main tributaries to Lake Beyşehir for the period April
2010 – March 2012.
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Table 7. Model performance statistics based on the calibration (March 2010 – April 2011) and validation
(April 2011 – April 2012) periods for flow. Q1-Q15 represents subbasins 1-15. While calculating the statistics,
a window function with a search timeframe of 7 days was used to sample the model outputs closest to
observed values.
2
r
Bias
Normalized bias
RMSD
Normalized RMSD
NS
Calibration Validation Calibration Validation Calibration Validation Calibration Validation Calibration

Validation

Calibration

Validation

Q1

0.75

0.92

0.12

0.19

0.14

0.06

0.47

1.02

0.53

0.30

0.70

0.91

Q4

0.71

0.93

-0.03

-0.04

-0.15

-0.06

0.13

0.20

0.54

0.27

0.68

0.92

Q10

0.20

0.24

0.57

0.59

1.25

1.16

0.96

1.42

1.68

2.53

-3.37

-6.75

Q11

0.86

0.94

0.17

-0.23

0.07

-0.05

0.95

1.26

0.39

0.25

0.84

0.94

Q14

0.53

0.77

-0.71

-0.44

-0.28

-0.14

1.85

1.58

0.69

0.48

0.45

0.75

Q15

0.80

0.50

-0.15

0.55

-0.05

0.55

1.38

0.89

0.46

0.70

0.79

0.20

Table 8. Model performance statistics based on the long-term monthly interval dataset (1995-2001). Q1-Q15
represents subbasins 1-15 for flow.
2
r
Bias
Normalized bias
RMSD
Normalized RMSD
NS
Q1

0.52

0.10

0.07

1.04

0.69

0.52

Q4

0.65

-0.01

-0.04

0.12

0.60

0.64

Q10

0.18

-0.31

-0.36

0.86

0.91

0.04

Q11

0.73

-1.05

-0.40

1.70

0.52

0.57

Q14

0.45

-0.18

-0.10

1.30

0.75

0.43

Q15

0.48

0.04

0.03

1.19

0.76

0.43

Table 9. Model performance statistics for nutrient loads represented by nitrate (NO3) and mineral
phosphorus (MinP) for the calibration (March 2010 – April 2011) and validation (April 2011 – April 2012)
periods. Comparisons between model and observations were done on a day-by-day match, and not by using
monthly averages. Sub1-Sub15 represents subbasins 1-15. While calculating the statistics, a window function
with a search timeframe of 7 days was used to sample the model outputs closest to observed values.
2
r
Bias
Normalized bias
RMSD
Normalized RMSD
Sub1

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

NO3

0.09

0.35

23.80

-64.44

0.67

-0.33

142.28

183.21

3.93

0.87

MinP

0.30

0.33

5.38

23.14

0.31

2.75

15.50

28.66

0.84

2.01

Sub4

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

NO3
MinP

0.45
0.01

0.02
0.01

-7.13
0.51

-8.55
-0.20

-0.61
0.68

-0.45
-0.33

11.90
3.75

21.13
1.24

0.82
4.99

1.01
1.97

Sub10

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

NO3

0.06

0.67

28.80

25.22

19.23

5.61

54.28

60.80

30.72

12.30

MinP

0.00

0.02

0.53

-0.07

20.46

-0.40

1.88

0.21

69.36

1.08

Sub11

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

0.49

0.16

-7.47

-189.42

-0.06

-0.55

124.09

370.25

1.04

0.92

NO3
MinP

0.19

0.01

-2.95

-7.19

-0.47

-0.67

6.49

12.82

0.91

1.00

Sub14

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

0.41

0.03

38.25

3.85

0.48

0.15

108.16

69.81

1.27

2.77

NO3
MinP

0.25

0.55

9.39

1.78

1.09

1.87

25.26

9.97

2.71

10.34

Sub15

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

Calibration

Validation

NO3

0.47

0.10

-19.20

39.11

-0.87

1.79

31.35

83.24

1.12

3.37

MinP

0.32

0.47

15.13

15.67

2.98

26.10

28.37

19.37

4.73

18.99
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The full two year period of the monitoring program was used in an attempt to calibrate the three
lake ecosystem models against observations of total phytoplankton biomass, represented by
chlorophyll a (Fig. 15).

Figure 15. Simulated and observed phytoplankton biomass, represented by total chlorophyll a, in Lake
Beyşehir for the period April 2010 – March 2012.

Table 10. Model performance statistics for the simulation of phytoplankton dynamics in Lake Beyşehir
represented by total chlorophyll a and three individual models, including DYRESM-CAEDYM (DYCD),
PROTECH and PCLake. While calculating the statistics, a window function with a search timeframe of 7 days
was used to sample the model outputs closest to observed values.
2
r
Bias
Normalized bias
RMSD
Normalized RMSD
Calibration Validation Calibration Validation Calibration Validation Calibration Validation Calibration Validation

DYCD

0.01

0.03

0.58

0.41

0.40

0.16

1.75

2.85

1.13

1.08

PROTECH

0.01

0.86

0.08

-0.28

0.05

-0.11

1.69

1.08

1.16

0.40

PCLake

0.24

0.38

0.20

-0.17

0.13

-0.06

1.43

2.10

0.97

0.80

4.2. Scenario analysis
While the reductions in annual precipitation rates between baseline and future periods were within
the range 10-20%, the water yield (total amount of water that enters Lake Beyşehir) is reduced by
15-30% (Fig. 16). The nutrient loads entering Lake Beyşehir are also reduced (Table 11). The
reductions are most dramatic for mineral P, ranging 37-63%, the latter scenario reflecting the
simulated filtering effect of implementation of buffer strips in scenario 14.
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Figure 16. Consequences of climate changes on the total water yield of the Lake Beyşehir catchment.

Table 11. Load reductions for nitrate and mineral phosphorus to Lake Beyşehir in the REFRESH scenarios.
Scenario no.
Nitrate load
Mineral P load
reduction (%)
reduction (%)
1 (baseline 1)
0
0
2 (baseline 2)

0

0

3 (baseline 3)

0

0

4

20

37

5

36

53

6

31

48

7

20

37

8

15

33

9

20

37

10

24

50

11

36

53

12

33

51

13

36

53

14

39

63

15

31

48

16

28

45

17

31

48

18

34

58
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Table 12. The relative changes in chlorophyll a biomasses in response to the future scenarios. N and P load
reductions are here represented by the simulated changes in NO 3 and SRP loads.
Scenario no.
N load
P load
DYRESM- PROTECH PCLake Average
Reduction in Chl a
reduction reduction CAEDYM
(Chl a)
(Chl a)
Chl a
relative to baseline
(%)
(%)
(Chl a)
(%)
1 (baseline 1)
0
0
3.61
2.97
3.54
3.37
2 (baseline 2)

0

0

3.87

2.97

3.54

3.46

-

3 (baseline 3)

0

0

3.36

2.94

3.36

3.22

-

4

20

37

3.88

2.61

3.68

3.39

-0.47

5

36

53

3.52

2.37

3.70

3.20

7.56

6

31

48

3.16

2.41

3.43

3.00

6.91

7

20

37

3.88

2.61

3.68

3.39

-0.47

8

15

33

3.91

2.68

3.69

3.43

-1.59

9

20

37

3.88

2.61

3.68

3.39

-0.47

10

24

50

3.78

2.51

3.66

3.32

1.68

11

36

53

3.52

2.37

3.69

3.19

7.66

12

33

51

3.54

2.41

3.70

3.21

7.08

13

36

53

3.52

2.37

3.69

3.19

7.66

14

39

63

3.45

2.29

3.67

3.14

9.27

15

31

48

3.16

2.41

3.43

3.00

6.91

16

28

45

3.18

2.46

3.44

3.02

6.09

17

31

48

3.16

2.41

3.43

3.00

6.91

18

34

58

3.09

2.34

3.41

2.95

8.46

According to the survey conducted for two years of the tributary inflows to Lake Beyşehir, the total
phosphorus load is approximately 80 ton P/year and total nitrogen load approximately 580 ton/year,
however these data may be underestimating the total load, as some of the peak-flow events
(simulated by the SWAT model) were not sampled. Although nutrient loads are reduced substantially
in the future scenarios, the changes to phytoplankton biomass are relatively minor (ranging from a 2
% increase to a 9 % decrease of annual averages). There was generally good agreement about the
future state of Lake Beyşehir between the three models used, and in all cases, Lake Beyşehir will
remain of oligotrophic state in the future scenarios.
When comparing the effects of the future climate scenarios alone (scenarios 4-6), relative to the
effects of combining future climate with future land-use changes (Table 12), it appears that the
effects of climate changes are most significant in shaping the future state of Lake Beyşehir.

5. Discussion
This study included a model-based analysis on the effects of near-future climate and land-use
changes (years 2031-2060) on the hydrology and trophic state of Lake Beyşehir in Turkey. Scenario
output from a series of climate models were used as input to a hydrological model (SWAT), and
projections by the hydrological model on future nutrient loads and air temperature from the climate
models were subsequently provided to three individual lake ecosystem models to project the effect
of future scenarios on phytoplankton dynamics. While the model applications and future scenarios
have been based on as much local knowledge as possible, the reliability of chained models rely
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heavily on the expertise, both local and scientific, used to acquire detailed data at the catchment
scale, including local weather data, detailed land cover and farm management information and
validation data for river discharge and nutrient loads, and for lake ecosystem dynamics (Norton et al.
2012). In case of Lake Beyşehir, and in context of the REFRESH project, this study has in effect been
the first to analyse both the hydrology and nutrient exports of the catchment, as well as the
ecosystem dynamics of the lake. Consequently, no data was available, prior to this study, on nutrient
loads entering Lake Beyşehir, and therefore a considerable part of the time of the REFRESH project
was used to collect data, and thus only a two year time series could be used for model calibration
and validation. It is therefore likely that the model application and performance will be enhanced
should more detailed data become available (e.g. longer hydrological and nutrient time series, higher
resolution of digital elevation map, land use and soil maps). A particular issue, which has been
revealed in this study, is that the seasonality of the nutrient loads follow closely the snow melt
periods (according to the SWAT simulations), and the sampling campaign of monthly frequency was
not able to capture important simulated peak-load events. Should more resources become available
for monitoring, it is therefore recommended that sampling frequency is increased during late winter
periods, or better that nutrient sampling in the tributaries is done by automatic samplers installed in
the field. Despite the limitations of the available datasets, the hydrological model as well the lake
ecosystem models displayed reasonable model performances when evaluated against observation
data. However, considerable uncertainty relating to the hydrology in parts of the catchment was
revealed during calibration, in particular within the western part of the catchment, where the outlets
of three individual subbasins are located in close proximity of each other. Subbasin 10, which was
initially used during calibration of discharge and nutrient loads, showed no clear relation to the time
series of precipitation data. Subsequently, we disregarded this particular subbasin when calculating
objective functions. It is therefore likely that more local precipitation data would greatly increase
model performance, but it is also possible that the subbasin delineation in that area is not
representing well the actual hydrological catchment (either as a result of poor resolution of the
topographical map, or of a considerable discrepancy between the topographical catchment used by
SWAT and the groundwater catchment below).
The main findings of this study suggest that future climate will bring major changes to the hydrology
of the Lake Beyşehir catchment, by reducing annual water yields by up to 30%, while the influence on
the pelagic productivity of the lake were minor with a general decreasing trend. The latter finding
somewhat contrasts previous studies on climate change effects on both northern hemisphere
temperate lakes (e.g., REFRESH Deliverable 3.10: Report on the ensemble model calibration and
validation on the different sites) and southern hemisphere temperate lakes (Trolle et al. 2011). For
these temperate systems, the effects of climate change are suggested to be increased primary
production and also an increased relative contribution of blue-green algae to the total phytoplankton
biomass. These findings are supported by the expectation of increased precipitation and thus
increased nutrient loads (Jeppesen et al. 2009), combined with warming in these regions. It is
therefore not surprising that Lake Beyşehir will respond differently to climatic changes, as
precipitation is projected to decrease by up to 20% in 2031-2060 relative to the baseline period of
1981-2010. In REFRESH Deliverable 3.10, it was suggested that the yield of phytoplankton biomass
relative to nutrient supply may increase with a warming climate for temperate lakes, and the study
on Lake Beyşehir concur with this finding, as phytoplankton biomasses in several of the future
scenarios remain at levels close to baseline, in spite of rather large decreases in external nutrient
loads. The findings on how the lake may react to climate change also have to be taken with some
caution, and may not represent a general trend for Mediterranean lakes. Prolonged retention time
and higher evaporation onset by intensive drought, and surface and ground water abstraction for
irrigation in summers, have extensive implications for major ions and nutrient balances and may, for
example, lead to enhanced salinization (Özen et al., 2010), which the models in our study were not
able to account for. Enhanced nutrient loading in wet periods may also result in higher in-lake
concentrations and drought periods may have similar effects due to evaporation and internal
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nutrient loading (Jeppesen et al., 2009, 2011; Özen et al., 2010). Thus, as we project that Lake
Beyşehir may become increasingly oligotrophic in the future with drier and warmer conditions, this
could be partly a result of the current nutrient poor state of the lake with an insignificant role of
bottom sediments as a source of nutrients. On the contrary, already eutrophic lakes in the
Mediterranean have shown evidence of increased eutrophication as a result of severe drought and
warm periods (Özen et al., 2010). The current study and the earlier findings from warm lakes
highlight the indispensable role of nutrient control in maintaining the clear water state of lakes in
future dry and warmer periods. The presence of top down control mechanisms may further enhance
the responses of ecosystems to climate change.
From a policy perspective, Turkey does not yet have a final classification system for lakes in the
context of the Water Framework Directive (WFD). However, considering a EU Commission Decision
report (2008) the baseline and future scenarios for Lake Beyşehir can be related to general
Mediterranean reference conditions for chlorophyll a. There are two typologies for such lakes in the
Mediterranean region outlined in the report, but those lakes features are, however, not fully
compliant with the properties of Lake Beyşehir. Nevertheless, the typology that resembles Lake
Beyşehir most is that of deep, large, calcareous lakes with catchments < 20,000km2. Here, the goodmoderate boundary is 4.2-6 µg/L-1. If we relate the Lake Beyşehir baseline and future scenarios to
this boundary, all scenarios (as well as the observations from 2010-2011) suggest that the lake has,
and will continue to have, “good” or even “high” water quality status.
In the present study we looked at a relatively near-future scenario, and did not consider the potential
longer-term effects of climatic changes on the hydrology and ecology of Lake Beyşehir. It is likely that
the ecological dynamics will change as water levels continue to drop in the lake as a consequence of
long-term climatic changes. This could affect nutrient levels through concentration as the volume
decreases; however, such conditions may also favour macrophyte dominance (at least to a certain
point) relative to phytoplankton, as macrophytes may be able to extend their coverage. Detailed
research on the role of water level on macrophyte growth in Lake Beyşehir and four other large
shallow Mediterranean lakes have shown large increases in surface coverage of macrophytes as a
response to water level drops, especially in lakes with a relatively U shaped morphology (Beklioğlu et
al., 2006). A similar response is found in the relatively a short term and small scale water level change
and macrophyte coverage in Lake Beyşehir during our monitoring period (Fig. 17).

Figure 17. Plant volume inhabited (PVI) as a function of lake water levels during the Lake Beyşehir
monitoring program of REFRESH.
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6. Conclusions
Climate change of near-future scenarios (2031-2060) will bring about dramatic changes to the
hydrology of the Lake Beyşehir catchment and to the nutrient supply to the lake, according to climate
scenarios from three climate models combined with a hydrological model. The magnitude of change
in nutrient loads were most strongly influenced by the near-future climate scenarios and to a lesser
extent a range of potential near-future land-use changes. In all climate and land-use change
scenarios, Lake Beyşehir remained of oligotrophic state and it is therefore likely that these future
scenarios will have more severe consequences on the hydrology (i.e. the lake may eventually dry out,
as has been observed for other Turkish lakes) rather than trophic state of the lake. While Lake
Beyşehir will remain in an oligotrophic state in the near future, recent studies suggest that already
eutrophic lakes in the Mediterranean may become more eutrophic and saline as a consequence of
warming and drought. Our projections for Lake Beyşehir rely heavily on the quality of the input data
to the hydrological model, and model validation also revealed that the model did not represent well
the hydrology of some parts of the catchment. Given the dramatic hydrological changes projected
even in a near-future scenario (up to 30% reduction in water supply to the lake), it is therefore
recommended that additional research on the hydrology focus on longer-term scenarios (e.g. 100
years from now and beyond) and thus aim to elucidate at which point in the future that Lake
Beyşehir may no longer exist.
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