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6. WATERWARE MODEL (WRM) MODELING STUDIES
The WaterWare Model is one of the analytical tools employed in the Regional Case Studies of the SMART Project. For the Gediz case, the model aims to simulate the annual water budget in the entire basin and allows evaluating responses for different water demands and water allocation strategies. 

6.1. Summary of the Existing Situation and Ongoing Trends in the Gediz Basin

In the Gediz Basin, there are agricultural, domestic and industrial activities which supply their water needs directly from surface waters and the groundwater system, as described in Section I of this report. The socio-economic analyses of WP02, covered in Section II, constitute the basis for  scenario development via WRM.

6.1.1. Irrigation

As mentioned in the previous sections, the major consumptive water use in the Gediz is irrigation, realized in four major districts. In addition, a downstream wetland called the “Bird Paradise” is also connected to the Menemen Left Bank irrigation scheme. The intensive irrigation activities in the basin are supported by three reservoirs and a set of weirs which divert the flow to irrigation channels. On the other hand, there are also many wells exploiting the groundwater either under normal conditions for small irrigation systems or in cases of emergency like droughts. 

In the Gediz basin, the existing water structures, including the irrigation schemes, date back to the 1960s and the early 1970s; hence, the majority of them are constructed according to earlier technologies and methods. In particular, the irrigation schemes are operated on open channel conveyance systems, and most of the farmers prefer “flooding” methods for irrigation at the field. Thus, these “classic” irrigation methods, open channel conveyance systems, and their high water losses dramatically affect the annual total water consumption and budget of the entire basin. Some new investments for improvement of the existing infrastructural systems of conveyance and irrigation are planned by decision-makers in order to reduce these losses and increase the efficiency in irrigation. 

The dominant crop pattern in irrigation districts is cotton, table grapes and maize; however, their percentage with respect to irrigated areas changes every year, depending on the income expected by farmers. 

Irrigation water is allocated by State Hydraulic Works (DSI) 2nd Regional Directorate in Izmir and supplied through the reservoirs to the public authorities called “Irrigation Water User Associations” (WUAs). The responsibility of the WUAs is to distribute the water to the farmers. WUAs are also responsible for the maintenance and operation of water conveyance & distribution systems on the irrigation schemes where they operate. DSI offers irrigation water to WUAs for free, but WUAs collect some fees from farmers in order to finance their operational costs.

6.1.2. Domestic and Industrial Water Use

Domestic and industrial demands in the Gediz Basin are generally met through groundwater sources. All the municipalities in the basin supply their domestic water through groundwater, thereby putting these resources under stress. As a result of the socio-economic analyses in WP02, it is revealed that the municipalities in the basin charge different rates per m3 of water consumed in households. They also apply a higher rate for industrial water consumption than for the domestic one. 

There are also two major industrial districts, nearby Manisa and Kemalpasa municipalities, where every factory or enterprise supplies a great percentage of its water needs from wells. Unfortunately, their consumption rates and fixed costs for pumping are not monitored and recorded; only rough estimates are available. 
6.1.3. Reservoir Investments

The increasing domestic and industrial water demands in the basin have created the need for new storage investments on upstream tributaries of the Gediz River. There are two reservoir projects, Yigitler and Gordes Dams, which are under construction and which are to be operational by 2025. Gordes Reservoir is designed to transfer water out of the basin to meet the increasing domestic water demand of the city of Izmir. Yigitler Reservoir will supply some water to the industrial district near Kemalpasa Municipality. Both reservoirs will also provide irrigation water to the nearby irrigation districts. 
6.2. River Basin Objects

In WaterWare, the existing physical system of the river basin is identified by “river basin objects”. All reservoirs, domestic, agricultural and commercial demands by specific areas, alll subcatchments, wetlands, industrial and domestic discharges, weirs, water diversions etc. are identified as river basin objects in the model. For the case of the Gediz Basin, the following river basin objects are defined for WaterWare applications:
Reservoirs: There are four existing reservoirs along the river, and two more are under construction at the upstream subcatchments:
Demirkopru: It is the largest dam and reservoir in the basin, fed by four large upstream tributaries. The main purposes of the reservoir are to supply irrigation water for downstream irrigation districts and flood prevention. It is also used for energy production during the irrigation season.

Afsar: It is situated on the southeastern edge of the basin. Its purpose is to provide irrigation water to Alasehir lowlands.

Buldan: Similar to Afsar, the purpose of this reservoir is also to provide irrigation water to irrigation districts on Alasehir lowlands.

Marmara Lake: This natural lake is in the middle part of the basin. The lake water is used to support irrigation water demand during the irrigation season.

Gordes (under construction): The main purpose of this reservoir is to supply domestic water for the city of Izmir in addition to providing irrigation water within the basin.

Yigitler (under construction): The main purpose of this reservoir is to supply industrial water for the industrial district of Kemalpasa.
Irrigation Districts: Irrigation districts are treated as “demand” nodes in the WaterWare model. There are five large irrigation districts in the basin. Adala irrigation is on the downstream part of the Demirkopru reservoir and has 23 000 ha of irrigable area on both the left and the right banks. On Alasehir lowlands, there are two irrigation districts, Sarıgol and Alasehir, with a total area of 13 000 ha. Ahmetli right and left bank irrigation districts are located in the central part of the basin, where the irrigated area adds up to 50 000 ha. Menemen irrigation district is at the downstream part of Gediz River and has 22 000 ha of irrigable area. In all irrigation districts, the conveyance and drainage systems are open channels, and the irrigation method is “flooding”; hence, water losses are pretty high.

Diversions (Weirs): There are three successive weirs on the main river channel of the Gediz River. At the upstream section, just after the Demirkopru reservoir, Adala weir supplies irrigation water to both banks of the Adala irrigation district. Ahmetli weir is situated on central part of the Basin on main Gediz channel and diverts water to both banks of the Ahmetli irrigation district. Finally, Emiralem weir diverts irrigation water to Menemen irrigation district, which is located downstream of Manisa municipality. There is also another weir called “Comlekci” on Gordes tributary, which is on the northern part of the basin. It diverts almost 70 % of available water to Marmara Lake in order to feed the lake. The rest flows through Kumcay tributary and joins the main river canal near Manisa municipality.

Industrial Districts: In the WaterWare model, industrial districts are represented as “demand” nodes, extracting their water demand from defined aquifers. There are two main industrial zones, Manisa and Kemalpasa, which further discharge their wastewater to the Gediz River. Near Manisa municipality, Manisa Industrial Zone discharges its wastewater to upstream of Emiralem weir. The other industrial zone is near Kemalpasa city, which is very close to Izmir municipality; it discharges its waste water to Nif tributary, which joins to Gediz River near Manisa.

Wetland: At the outlet of the Gediz River, where it discharges into the Izmir Bay, there is a RAMSAR wetland called “Bird Paradise”. In the summer, this wetland is supplied with some amount of water diverted from the Menemen left bank main irrigation channel through marshes,, which is called the Gediz Delta. The wetland is also considered as a demand node in WaterWare.
Subcatchments (Start nodes): To represent the incoming flows from upstream tributaries of the Gediz River, some subcatchments are defined as “start nodes” in the WaterWare model. The subcatchments of the above mentioned artificial reservoirs, upstream of Gordes tributary, Nif tributary, and some other adjoining subcatchments like Medar and Yigitler are taken into account as “start nodes”.

Aquifers: In Gediz Basin, groundwater is generally used for domestic and industrial water supply. Gediz Basin covers a large area; hence, there are many different single aquifer systems in the basin; however, the four main aquifers in major lowlands are taken into account in the WRM studies. They are: Alasehir aquifer; Salihli-Turgutlu aquifer system in middle lowlands; Sarikiz aquifer system, which feeds the Manisa industrial district and provides some domestic water for the neighboring cities, including Izmir; and Menemen aquifer which lies at downstream lowlands. 
The above described river basin objects are connected by reaches of different types in order to represent the whole system of the Gediz River Basin. Certain parameters of the reaches, such as length, width and depth, must also be defined in the model.
6.3. Topology of the Model

In the WaterWare model, the connections and interactions of the above river basin objects are identified in terms of topology, instead of delineating their real geographical positions. 

The topology of the Gediz River System was initially identified by the SUMER team. This draft work was then discussed with the responsible technical staff from the 2nd Regional Directorate of State Hydraulic Works (DSI). On the basis of their contributions, the latest version of Gediz topology was defined in the WaterWare model through the web-interface available on SMART website (Fig. 6.1). 

In the current version of the constructed topology, the main upstream subcatchments, like Gordes, Medar, Demirkopru upstream and Nif, are identified as “start nodes”. The three main reservoirs; Demirkopru, Afsar and Buldan, which feed the downstream irrigation districts, are defined as supply nodes. Although there are many irrigation schemes with various sizes in the basin, only the largest and the most important ones, which consume almost 96% of available irrigation water, are taken into account, together with their conveyance and drainage systems and canals, including the weirs. At the downstream part of the system, the wetland called “Bird Paradise” is also identified as a demand node.
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Figure 6.1. Representation of the Current Topology of the Gediz River System in the WaterWare Model
In Figure 6.2, the two ongoing reservoir projects in the Gediz Basin (Gordes and Yigitler dams) are added to the topology of the previous figure. As mentioned before, both reservoirs are planned to be operational before the year of 2025. In the topology of Figure 6.2, Gordes Dam transfers domestic water to Izmir, which is represented by a demand node; and its return flow is diverted to an “end node”. Yigitler Dam on Nif tributary is connected to the Kemalpasa industrial zone. These two projects are taken into account in WRM for development of future scenarios, which will be defined in the following sections.
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Figure 6.2. Representation of the Future Topology of Gediz River System in the WaterWare Model
6.4. Development of WaterWare (WRM) Scenarios 
The general purpose of modeling studies in SMART is to derive basic inputs in terms of indicators to facilitate the comparative analyses defined in WP10. Different runs of the WaterWare model are realized by varying the inputs, so that eventually different values for each indicator are obtained.

As noted in the previous sections, baseline, business as usual (BAU), optimistic and pessimistic scenarios are generated, regarding responses of different types. Furthermore, these responses are also defined in time scale as “current” and “future”.

6.4.1. Selected Responses

Three types of responses (water demand management, water supply management and water quality management) for the future are identified, and for each of them, business as usual,, optimistic and pessimistic scenarios are evaluated. For the case of Gediz Basin, the responses regarding water quality management are not applicable due to lack of required data. 
As mentioned before, the irrigation activities in the basin consume a large percentage of the available water; therefore, responses related to irrigation water demand are selected in building the operational scenarios in WaterWare studies. Accordingly, two responses: a) “change in irrigation system”, and b) “change in cropping patterns” are selected as responses related to “water demand management”. On the other hand, in order to take into account the two ongoing reservoir construction projects, the response “reservoir storage investments” related to “water supply management” is also considered for scenario generation.

The responses mentioned above and their impacts on the Gediz River system are detailed in the following:

Change in Crop Pattern: The irrigation activity in the basin consumes 75 % of the available surface water, and, in the current situation, it has no other competing rival. In the case of water scarcity, irrigators generally prefer to apply restricted irrigation. Although the cropping preferences of the farmers depend on the expected annual economic benefit, the farmers may also choose the crops which require less water for their growth.

In the entire basin, the dominating crops are table grapes (sultani), cotton and maize. In previous years, cotton planters were encouraged by governmental and private buyers; but recently, the subventions are cut so that the planting area of cotton has decreased dramatically. In general, it is substituted with maize and vegetables like tomato, cucumber, aubergine etc. The crop pattern of irrigated areas in the Gediz Basin exhibits some variations with respect to years, depending on above mentioned reasons. Accordingly, crop pattern change may be interpreted as the only leading response in the current agricultural practice.
The variation of crop pattern among years is an issue that should be regarded in every (according to current and future responses) generated scenario for the WaterWare model. Therefore, the crop pattern change is regarded in subtypes of scenarios, namely in “business as usual (BAU)”, “optimistic” and “pessimistic” ones for each type of response. The determination of the spatial percentage of planted crop types in different irrigation districts is analyzed by Kanber (2004), who estimated expected crop patterns of major irrigation districts in the Gediz Basin on the basis of existing trends. Kanber (2004) analyzed the spatial change in planted crops in the basin for the last decade and identified a significant decrease in plantation area of cotton and an increase in maize. The author also investigated future changes in the areas of planted crops and estimated the future crop patterns for BAU, optimistic and pessimistic situations. A summary of the obtained results in crop pattern change for the major irrigation districts in Gediz Basin are tabulated in Table 6.1. The left column of Table 6.1 shows the irrigation districts, BAU, optimistic and pessimistic scenarios, while the other columns indicate the crop types and their areal percentage in the total irrigation area of the district.
Changes in the Irrigation System: The conveyance systems of irrigation districts in the Gediz Basin are open channels. The farmers prefer using old-fashioned irrigation methods based on flooding. The improvement of conveyance systems by replacing open channels with pressured pipelines is considered by decision makers; however, this improvement cannot be readily realized due to the inadequacy of financial resources. Any investment on the utilization of more effective irrigation techniques (e.g., sprinkling) depends on the choice of farmers, as the governmental institutions like DSI state that any financial support is impossible due to the budgetary restrictions.. This “water demand management” response is taken into account as a future response.
Reservoir Storage Investments: The accelerated population growth in the basin and in Izmir caused a stress on domestic water supply; and Gordes Dam, which is currently under construction, is expected satisfy these demands. On the other hand, the construction of this reservoir will decrease the amount of water diverted to Marmara Lake by Comlekci weir on Gordes tributary. Another small reservoir Yigitler is also under construction. The construction of both reservoirs is interpreted as a “water supply management” response for the future situation of the basin.

Table 6.1. The estimated change (in %) in plantation areas of the main crops grown on irrigated lands of the Gediz Basin for three different scenarios. 
	Irrigation District
	Scenario
	Cotton (%)
	Maize (%)
	Grape (%)
	Vegetables (%)
	Fruits (%)
	Cereals (%)

	Adala Left Bank Irr.
	BAU
	0
	30
	63
	5
	-
	2

	
	OPT
	0
	14
	70
	11
	-
	5

	
	PESS
	12
	30
	52
	5
	-
	1

	Adala Right Bank Irr.
	BAU
	25
	30
	40
	3
	-
	2

	
	OPT
	20
	18
	54
	6
	-
	2

	
	PESS
	45
	30
	20
	2
	1
	2

	Ahmetli Left Bank Irr.
	BAU
	5
	18
	63
	5
	9
	-

	
	OPT
	3
	7
	77
	8
	5
	-

	
	PESS
	35
	20
	32
	2
	11
	-

	Ahmetli Right Bank Irr.
	BAU
	17
	25
	54
	4
	-
	-

	
	OPT
	15
	18
	60
	7
	-
	-

	
	PESS
	20
	50
	30
	-
	-
	-

	Menemen Left Bank Irr.
	BAU
	56
	25
	3
	5
	2
	9

	
	OPT
	50
	15
	15
	9
	-
	11

	
	PESS
	61
	25
	2
	3
	2
	7

	Menemen Right Bank Irr.
	BAU
	30
	26
	7
	18
	4
	15

	
	OPT
	31
	10
	21
	25
	2
	11

	
	PESS
	52
	27
	0
	10
	6
	5

	Sarigol Irr.
	BAU
	-
	-
	100
	-
	-
	-

	
	OPT
	-
	-
	100
	-
	-
	-

	
	PESS
	-
	-
	100
	-
	-
	-

	Alasehir Irr.
	BAU
	-
	-
	100
	-
	-
	-

	
	OPT
	-
	-
	100
	-
	-
	-

	
	PESS
	-
	-
	100
	-
	-
	-


6.4.2. Scenario Generation
Regarding the above described responses, thirteen different scenarios are generated to be simulated by the WaterWare model. Assumptions underlying the scenarios, computation of demand series, and the hydrometeorologic time series used in the studies are explained in the following:
Assumptions

a) Initial storages of reservoirs and aquifers: Since the Gediz River is highly regulated by upstream reservoirs, their initial storages are very important. WRM runs only annual simulations on a daily basis, so that reservoirs like Demirkopru, which has a large capacity used for over-the- year storage, cannot be simulated in detail. Therefore, in the baseline, BAU, pessimistic and optimistic scenarios, the initial storages of the reservoirs are selected such that they preserve almost the same amount of water at the beginning and at the end of the year, namely, at the start and at the end of a model simulation. For optimistic scenarios, it is assumed that the reservoir has had sufficient inflow in the previous year; therefore, the initial storages are set to 60 %. For BAU scenarios, it is set to 40 %; and finally for pessimistic scenarios, it is regarded that precipitation had been low in the previous years, and the initial storage value is selected as 20 %. The same approach is also applied to aquifers, so that their initial storages are set to 20 %, 40 %, and 60 % for pessimistic, BAU and optimistic scenarios, respectively. 
b) Conveyance losses of demand nodes: For any scenario which does not have an “irrigation system change” response, the conveyance loss is set to 10 %, the evaporation losses to 5%, and the return flow losses to 5%. For the scenarios including “irrigation system change” response, the conveyance loss and evaporation losses are set to 0%, and the return flow loss is again set to 5%. 

c) Irrigation demand time series and reservoir releases: The daily demand time series of irrigation districts are computed by the CROPWAT for Windows 4.3 software, provided by the Land and Water Development Division of Food and Agriculture Organization of the United Nations (FAO). The software uses the method of Penmann-Monteith in computation of irrigation water demand. The climatic and soil data are obtained through CROPWAT’s database, and the crop pattern change is considered for every district, as explained in the previous sections. The resulting daily demand time series of the irrigation districts for BAU, optimistic and pessimistic scenarios are given in Appendix II. The reservoir release time series are obtained through the addition of the demand series downstream of the reservoirs.
d) The hydrometeorologic time series: As explained in Section II of this report on “Data Basis”,, the year of 1991 is selected for the pessimistic scenarios, and the year of 1982 for BAU and optimistic scenarios. The observed streamflow, precipitation and temperature time series of these years are used in the scenarios.

Generation of Scenarios

The generated thirteen scenarios and responses considered in each scenario are tabulated in Table 6.2. The left column shows the response types, and the other columns represent the selected responses. 
Table 6.2. The scenarios generated on the basis of selected responses.
	
	Scenario
	Crop Pattern Change
	Irrigation System Change
	Reservoir Storage 

Improvement

	Response Type
	Baseline
	-
	-
	-

	Current Responses
	BAU
	+
	-
	-

	
	OPT
	+
	-
	-

	
	PES
	+
	-
	-

	Water Demand Management
	BAU
	+
	+
	-

	
	OPT
	+
	+
	-

	
	PES
	+
	+
	-

	Water Supply Management
	BAU
	+
	-
	+

	
	OPT
	+
	-
	+

	
	PES
	+
	-
	+

	All Responses
	BAU
	+
	+
	+

	
	OPT
	+
	+
	+

	
	PES
	+
	+
	+


In the baseline scenario, the observed time series and the amounts of irrigation water supplied in 1991 are used to calibrate the model. Table 6.3 shows the results of the calibration at the downstream control node. 
Table 6.3 The results of calibration at the downstream control node in the Baseline Scenario.
	Variable
	Min (m3/s)
	Max (m3/s)
	Avg (m3/s)
	Total (Mm3/y)

	Constraint
	0.25
	30.80
	7.78
	245.37

	Inflow
	0.61
	28.28
	7.20
	227.12


In the three current response scenarios, only the “crop pattern change” response is taken into account. For water demand management scenarios, both responses, crop pattern and irrigation system change, are evaluated; whereas in water supply management scenarios, the crop pattern change and the two reservoir investments are considered. All of the three responses are further regarded in “All responses” scenarios. The results obtained through WaterWare Model simulations on these thirteen scenarios are given in Table 6.4.
Table 6.4. WRM Simulation Results for the Generated 13 scenarios

	SCENARIOS
	Baseline
	Current BAU
	Current Optimistic
	Current Pessimistic

	Summary of main scenario assumptions
	Baseline scenario with observed values for 1991
	Crop pattern change expected. The TS of the year of 1982 are used 
	Crop pattern change expected. The TS of the year of 1982 are used 
	Crop pattern change expected. The TS of the year of 1991 are used 

	Global sectoral demand multipliers
	NOT USED
	NOT USED
	NOT USED
	NOT USED

	Supply/demand ratio (%)
	95.41
	98.51
	99.78
	52.67

	Global Efficiency (%)
	89
	89.6
	90.1
	90.3

	Reliability (%)
	92.73
	87.97
	88.94
	73.67

	Total Shortfall (%)
	3.2
	1.68
	0.27
	134.96

	Total Unallocated (%)
	1.77
	0.21
	0.15
	0.05

	Flooding Conditions (day)
	0
	0
	0
	0

	Sectoral Water Budget Data
	S/D ratio (%)
	Reliability (%)
	S/D ratio (%)
	Reliability (%)
	S/D ratio (%)
	Reliability (%)
	S/D ratio (%)
	Reliability (%)

	Domestic
	0
	0
	0
	0
	0
	0
	0
	0

	Agricultural
	94.66
	87.5
	97.96
	71.16
	99.16
	71.37
	52.03
	54.73

	Industrial
	100
	100
	100
	100
	100
	100
	100
	100

	Services
	0
	0
	0
	0
	0
	0
	0
	0

	Generic
	75.05
	83.01
	99
	83.01
	99
	83.01
	90
	83.01

	Total
	95.99
	90.25
	98.27
	79.36
	99.34
	79.5
	58.6
	68.4

	Groundwater Budget (mm3/y, %)
	 
	 
	 
	 

	Total Input
	124.61
	100.00%
	191.07
	100.00%
	211.74
	100.00%
	119.71
	100.00%

	Total Output
	94.65
	75.96%
	94.65
	49.54%
	94.65
	44.70%
	94.65
	79.07%

	Mass Budget
	29.96
	24.04%
	96.42
	50.46%
	117.09
	55.30%
	25.06
	20.93%

	Sustainable Yield
	124.57
	99.97%
	191.02
	99.98%
	211.69
	99.98%
	119.67
	99.96%

	Control Node Violations (Total Flow (mm3/y))
	 
	 
	 
	 

	Constraint
	245.37
	not regarded
	not regarded
	not regarded

	Inflow
	213.35
	not regarded
	not regarded
	not regarded


Table 6.4. (continued)

	SCENARIOS
	Water Demand Man. BAU
	Water Demand Man. Optimistic
	Water Demand Man. Pessimistic

	Summary of main scenario assumptions
	Crop pattern, irrigation system change ecpected. The TS of the year of 1982 are used 
	Crop pattern, irrigation system change ecpected. The TS of the year of 1982 are used 
	Crop pattern, irrigation system change ecpected. The TS of the year of 1991 are used 

	Global sectoral demand multipliers
	NOT USED
	NOT USED
	NOT USED

	Supply/demand ratio (%)
	99.96
	99.85
	64.7

	Global Efficiency (%)
	98.5
	98.2
	98.5

	Reliability (%)
	97.42
	97.62
	82.79

	Total Shortfall (%)
	0.04
	0.05
	83.13

	Total Unallocated (%)
	2.6
	3.53
	3.85

	Flooding Conditions (day)
	0
	0
	0

	Sectoral Water Budget Data
	S/D ratio (%)
	Reliability (%)
	S/D ratio (%)
	Reliability (%)
	S/D ratio (%)
	Reliability (%)

	Domestic
	0
	0
	0
	0
	0
	0

	Agricultural
	99.93
	97.47
	99.85
	98.42
	64.75
	77.43

	Industrial
	100
	100
	100
	100
	100
	100

	Services
	0
	0
	0
	0
	0
	0

	Generic
	99
	83.01
	99
	83.01
	90
	83.01

	Total
	99.94
	96.89
	99.88
	97.53
	70.39
	83.54

	Groundwater Budget (mm3/y, %)
	 
	 
	 

	Total Input
	143.23
	100.00%
	178.08
	100.00%
	88.7
	100.00%

	Total Output
	94.65
	66.09%
	94.65
	53.15%
	94.65
	106.71%

	Mass Budget
	48.57
	33.91%
	83.43
	46.85%
	-5.95
	-6.71%

	Sustainable Yield
	143.18
	99.97%
	178.03
	99.98%
	88.66
	99.95%

	Control Node Violations (Total Flow (mm3/y))
	 
	 
	 

	Constraint
	not regarded
	not regarded
	not regarded

	Inflow
	not regarded
	not regarded
	not regarded


Table 6. 4. (continued)

	SCENARIOS
	Water Supply Man. BAU
	Water Supply Man. Optimistic
	Water Supply Pess.

	Summary of main scenario assumptions
	Reservoir investments, crop pattern change expected. The TS of the year of 1982 are used
	Reservoir investments, crop pattern change expected. The TS of the year of 1982 are used
	Reservoir investments, crop pattern change expected. The TS of the year of 1991 are used

	Global sectoral demand multipliers
	NOT USED
	NOT USED
	NOT USED

	Supply/demand ratio (%)
	95.27
	99.28
	61.83

	Global Efficiency (%)
	89
	92
	90.5

	Reliability (%)
	83.01
	83.18
	70.61

	Total Shortfall (%)
	7.97
	5.09
	151.64

	Total Unallocated (%)
	0.58
	0.25
	1.07

	Flooding Conditions (day)
	0
	0
	0

	Sectoral Water Budget Data
	S/D ratio (%)
	Reliability (%)
	S/D ratio (%)
	Reliability (%)
	S/D ratio (%)
	Reliability (%)

	Domestic
	100
	100
	100
	100
	99.51
	99.45

	Agricultural
	88.72
	59.48
	90.77
	53.73
	55.87
	55.37

	Industrial
	99.87
	98.81
	99.91
	99.27
	97.43
	84.29

	Services
	0
	0
	0
	0
	0
	0

	Generic
	99
	83.01
	99
	83.01
	99
	83.01

	Total
	90.71
	71.62
	92.51
	67.87
	62.89
	65.94

	Groundwater Budget (mm3/y, %)
	
	
	

	Total Input
	202.91
	100.00%
	216.21
	100.00%
	130.14
	100.00%

	Total Output
	63.08
	31.09%
	63.08
	29.18%
	63.08
	48.47%

	Mass Budget
	139.83
	68.91%
	153.13
	70.82%
	6706
	51.53%

	Sustainable Yield
	202.9
	100.00%
	216.2
	100.00%
	130.14
	100.00%

	Control Node Violations (Total Flow (mm3/y))
	
	
	

	Constraint
	not regarded
	not regarded
	not regarded

	Inflow
	not regarded
	not regarded
	not regarded


Table 6. 4. (continued)

	SCENARIOS
	All Resp. BAU
	All Resp. OPT
	All Resp. PESS

	Summary of main scenario assumptions
	Reservoir investments, crop pattern & irrigation system change evpected. The TS of the year of 1982 are used 
	Reservoir investments, crop pattern & irrigation system change evpected. The TS of the year of 1982 are used 
	Reservoir investments, crop pattern & irrigation system change evpected. The TS of the year of 1991 are used 

	Global sectoral demand multipliers
	NOT USED
	NOT USED
	NOT USED

	Supply/demand ratio (%)
	97.68
	99.78
	70.46

	Global Efficiency (%)
	97.4
	96.9
	96.7

	Reliability (%)
	91.83
	91.36
	75.51

	Total Shortfall (%)
	2
	0.2
	89.78

	Total Unallocated (%)
	2.64
	2.13
	16.87

	Flooding Conditions (day)
	0
	0
	0

	Sectoral Water Budget Data
	S/D ratio (%)
	Reliability (%)
	S/D ratio (%)
	Reliability (%)
	S/D ratio (%)
	Reliability (%)

	Domestic
	100
	100
	100
	100
	99.51
	99.45

	Agricultural
	96.12
	86.19
	99.56
	82.41
	70.04
	67.75

	Industrial
	99.87
	98.81
	99.91
	99.27
	97.43
	84.29

	Services
	0
	0
	0
	0
	0
	0

	Generic
	100
	100
	99
	83.01
	99
	83.01

	Total
	96.92
	90.56
	99.65
	87
	75.55
	74.19

	Groundwater Budget (mm3/y, %)
	 
	 
	 

	Total Input
	150.29
	100.00%
	190.66
	100.00%
	102.02
	100.00%

	Total Output
	63.08
	41.97%
	63.08
	33.09%
	63.08
	61.83%

	Mass Budget
	87.21
	58.03%
	127.58
	66.91%
	38.94
	38.17%

	Sustainable Yield
	150.28
	100.00%
	190.65
	100.00%
	102.01
	99.99%

	Control Node Violations (Total Flow (mm3/y))
	 
	 
	 

	Constraint
	not regarded
	not regarded
	not regarded

	Inflow
	not regarded
	not regarded
	not regarded


6.5. Discussion
The following points must be noted when evaluating the results of scenario development in the Gediz River Basin:
a) For the Gediz case, there are only 13 scenarios developed instead of 16, since water quality management responses do not apply here due to lack of sufficient data. Consequently, no possible actions can be foreseen for the future. This is an unfortunate situation, resulting from data limitations, since one of the two key problems in Gediz is water pollution, as noted in Section I of this report.

b) The economic efficiency of the Gediz system for water use/water supply issues cannot be evaluated, again due to lack of sufficient and reliable data. It is fairly difficult to state the economic value per unit of water used in the basin. This again is an unfortunate situation resulting from data limitations and indicates lack of awareness, responsibility, and authority among the decision makers.

c) Tourism activities do not exist in the basin so that tourism is not considered in the scenarios.

d) Considering the current water-consuming activities in the basin, the results of WRM scenarios indicate that irrigation demand is affected and will be affected the most in the future by water scarcity. Furthermore, when water scarcity occurs due to natural drought conditions, industrial water demand cannot be met due to low groundwater levels.

e) Changes in crop patterns do not significantly affect the irrigation demand. On the other hand, improvement of the irrigation schemes, either in conveyance systems or in the method of field irrigation, is positively reflected in the water budget of the basin. This is due to the fact that 75% of the surface waters are consumed by irrigation. The current efficiency of the irrigation schemes is in the order of 60-70%; but this figure may be increased to 90% if improvements in the irrigation systems can be realized. 

f) Following from the above point, system reliability in scenarios with no irrigation system improvements (pessimistic scenarios) remains below 80%; whereas it increases to above 90% for BAU and optimistic scenarios.

g) The reservoir storage investments currently underway have pretty small effects on satisfaction of current water demands in the basin. The basic reason for this situation is that these investments are made to cover future domestic and industrial water demands. Furthermore, when the Gordes dam starts operation, it will reduce the inflows to Marmara Lake, which will then be fed only by precipitation and seepage from the irrigation canals.
h) The wetland “Bird Paradise” is currently fed by the existing irrigation system. If improvements can be realized in the irrigation schemes, these will positively affect the wetland as well.

i) Industrial water demand is met by groundwater resources only; thus, all pessimistic scenarios lead to restrictions on industrial supplies.

j) Following from the above points, the major conclusion to be derived from the available scenarios is that, if the situation in the Gediz Basin is evaluated on the basis of water budget only, the first steps to be taken for better management of the basin would be to improve the current status of the irrigation schemes by reverting to conveyance systems and field irrigation methods that minimize water losses.
k) In the first section of this report, the two key problems in the Gediz Basin were identified to be water allocation and water pollution problems. The analysis of both problems is hindered to a certain extent by data limitations. Yet, water allocation could be rather well analyzed as it deals with water quantity, and data on quantities are generally available. The basic limitation here is the lack of systematic data on groundwater levels and groundwater consumption. The problem of water pollution could not be investigated within the scope of this project due to significant lack of systematically and frequently monitored data.
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