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Abstract: The overall objective of this work is the development of a District Information System (DIS) which could be used by 
stakeholders for the purposes of a district day-to-day water management as well as for planning and strategic 
decision-making. Karla Lake is used in this study, but the overall methodology could be used as a basis for future 
analysis elsewhere. Surface Energy Balance Algorithm for Land (SEBAL) was used to derive monthly actual 
evapotranspiration (ET) values from Landsat TM imagery. The methodology was developed using high quality 
Landsat TM images during 2007 growing season. Monthly ET values are then used as an input to CROPWAT model. 
Outputs of CROPWAT model are then used as input for WEAP model. The developed scenario is based on the actual 
situation of the surface irrigation network of the Local Administration of Land Reclamation (LALR) of Pinios for the 
year of 2007. The DIS is calibrated with observed data of this year and the district parameterization is conducted 
based on the actual operation of the network. The operation of the surface irrigation network of Pinios LALR is 
simulated using Technologismiki Works, while the operation of closed pipe irrigation network of Lake Karla LALR is 
simulated using Watercad. Four alternative scenarios have been tested with the DIS: a) Reduction of channel losses 
b) Alteration of irrigation methods c) Introduction of greenhouse cultivation and d) Operation of the future Lake Karla 
network. 
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1. INTRODUCTION  

In many watersheds of the Mediterranean Countries, water resources are presently fully or 
overcommitted. Demand for water is likely to continue increasing due to population growth as well 
as increased demand from in-stream users. Irrigators are the largest consumers of fresh water in 
Mediterranean Countries: either individually or as members of irrigation districts, using up to 80% 
of all allocated water in some regions. With the increasing water demand of other sectors and 
environmental constraints, water resources available for agriculture will decrease in the next 
decades. In this critical context, there is an urgent need to foster the adoption and implementation of 
alternative irrigation systems and management practices that will allow increased crop water 
productivity. Hence, the development of an integrated approach to water use and management may 
be achieved by giving more consideration to the management of water as a resource rather than just 
the provision of water as a service.  

In this paper a principal motivation for the development of a District Information System (DIS) 
is the harmonization of an on-farm and off-farm irrigation water management that can be used in 
the region. The main goal is the prior knowledge of farmers’ daily scheduling and the integration of 
the management scenarios in order to develop a strategic long-term decision-making. In this work 
the DIS has been developed using a GIS-based modeling approach that integrates a generic crop 
model and a hydraulic model for the distribution and allocation system, using remote sensing 
information as a key input. The main sub-objectives were: (i) the development of an operational 
algorithm to retrieve crop evapotranspiration from remote sensing data, (ii) the development of an 
information system with friendly user interface for the data base, the crop module and the hydraulic 
module and (iii) the analysis and validation of management scenarios from model simulations 
predicting the respective behaviour of the on-farm and off-farm systems. 
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Figure 1. a) General structure of DIS for Lake Karla schemes b) Location of Lake Karla watershed c) SEBAL flowchart 

The structure of DIS (Fig. 1a) in this paper consists of the following modules: 
a) The WaterCAD model for pressurized networks and the Technologismiki Works 2009 for 

gravity networks. 
b) Crop water requirements ETc are calculated using CropWat 8.0. 
c) The Water Evaluation and Planning System (WEAP) which is a practical tool for water 

resources planning.  

2. METHODOLOGY 

Lake Karla basin (Fig. 1b) is an intensively cultivated agricultural region lying between latitude 
39°20′56′ to 39°45′15′ N and longitude 22°26′10″ to 23°0′27″ E, which is the eastern part of 
Thessaly, Greece. The climate is typical Mediterranean with an average temperature of 16–17 °C 
and mean annual relative humidity of 67–72%. The average precipitation is 500–700 mm and 
occurs mainly in autumn, winter and spring. Most of the aquifer area is plain with an altitude 
ranging from 45 to 65 m. A great effort has been made on the partial restoration of the former Lake 
Karla that has been planned to reverse the adverse environmental conditions, caused by the lake 
drainage. The natural basin of Karla had total extent of 1663 km2 but after the construction of 

(a) 

(c) 

(b) 
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complimentary works, the drainage area of the restored lake Karla will be 1171 km2 (Loukas et al. 
2007). The overall objective of this work is the development of a District Information System (DIS) 
which could be used by stakeholders for the purposes of a district day-to-day water management as 
well as for planning and strategic decision-making. The DIS was developed from a GIS-based 
modeling approach which integrates a generic crop model and a hydraulic model of the 
transport/distribution system, using land use maps generated by Landsat TM imagery. The main 
sub-objectives are: (i) the development of an operational algorithm to retrieve crop 
evapotranspiration from remote sensing data, (ii) the development of an information system with 
friendly user interface for the data base, the crop module and the hydraulic module and (iii) the 
analysis and validation of management scenarios from model simulations predicting the respective 
behavior.  

2.1 The remote sensing approach 

Surface Energy Balance Algorithm for Land (SEBAL) methodology (Fig. 1c) is proposed for 
this study, been already used in several studies in many countries around the world with high 
accuracy (Bastiaanssen 1998a,b; Li et al. 2009). The basic concept in SEBAL is the equation of 
surface energy balance:  

LE = λET = Rn - H – G  (1) 

where LE is the latent heat flux (W/m2), Rn is net radiation (W/m2), G is soil heat flux (W/m2) and 
H is sensible heat flux (W/m2). W/m2 in latent heat flux can easily later converted to mm. Rn can be 
computed from the land surface radiation balance:  

Rn = (1-a)RSi + RLi - RLo - (1-εo)RLi  (2) 

where a is surface albedo, RSi (W/m2) is incoming solar radiation, RLi (W/m2) is incoming long 
wave radiation, RLo (W/m2) is outcoming long wave radiation and εo is broad band surface 
emissivity.  

Soil Heat Flux G (W/m2) can be empirically estimated using a function by Bastiaanssen (2000) 
which is based on albedo, surface temperature and NDVI:  

G= {Ts/a (0.0038a+0.0074a2)(1-0.98NDVI4)}*Rn  (3) 

where Ts is surface temperature in K and NDVI is the normalized difference vegetation index. The 
third parameter is sensible heat flux (W/m2): 

H=pCp(a+bTs)/rah   (4) 

where p is air density (kg/m3) related with atmospheric pressure, Cp is air specific heat capacity 
(1004 Jkg-1K-1), Ts is surface temperature in K, and rah is aerodynamic resistance to heat transport 
(sm-1). The definition of the function dT vs. Ts is maybe the most significant philosophy of SEBAL. 

dT is the difference between the air temperature very near the surface (at 0.1 m above the zero 
plane displacement height) and the air temperature at 2 m above the zero plane displacement height 
(Waters et al. 2002). SEBAL methodology suggests linear change in dT with Ts. Equation (4) has 
two unknown parameters (a and b). This is where initial values from the selection of “cold” and 
“hot” pixels are used. These pixels serve as a solution for defining dT vs. Ts. “Cold” pixel can be 
defined as a generally wet, well-irrigated crop surface with full ground cover by vegetation. It is 
assumed that all energy is used to evaporate water, thus there is no sensible heat flux in this pixel 
(H=0 and ET=Rn-G). ET at the “cold” pixel is closely predicted by the ET rate from a large expanse 
of alfalfa vegetation (Bastiaanssen 1998a). For the selection of “cold” pixel a very moist terrain has 
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to be found and a pixel with high NDVI, low temperature and low albedo seems to apply this 
specification. On the other hand, “hot” pixel is defined as a pixel which has low NDVI, high albedo 
and high temperature. “Hot” pixel can be defined as a dry, bare agricultural field. It is assumed that 
all the energy is used to heat the surface in such a way that there is no latent heat flux there (ET=0). 
In other words, a very dry terrain is selected as a “hot” pixel. It seems that the selection of a “hot” 
pixel is more difficult than the selection of “cold” pixel because there is a broader range of 
temperatures for “hot” pixel candidates. After the selection of ”hot” and “cold” pixels the boundary 
conditions are now ready for solving the H. This is the first estimation of H assuming neutral 
atmospheric conditions. SEBAL, then, uses an iterative process to correct for atmospheric 
instability caused by buoyancy effects of surface heating applying Monin-Obukhov theory (Monin 
and Obukhov 2002). After the initial computation of H, new values of dT are computed for the 
“cold” and “hot” pixels and new values of a and b are derived. A corrected value for H is then 
computed and the stability correction is repeated until H stabilizes. The final step is the calculation 
of λΕΤ from equation (1). The evaporative fraction (ETrF) can be defined as the fraction of the 
actual ETa by the potential ETr on an instantaneous basis assuming that is constant over the day 
(Fig. 1c): 

ETrF= ETa inst/ETr  (5) 

2.2 Hydraulic module and WEAP model 

The operation of the surface irrigation network of Pinios LALR was simulated using 
Technologismiki Works. The model was calibrated and flow dividers (square nodes) have been 
placed at particular network nodes, where the main channels were divided into secondary channels. 
In these network nodes (flow dividers), the user determines the cut off flow. In this way, the 
required quantity of water to be diverted, can be altered. In secondary channels, outfalls (triangular 
nodes) have been placed, where the irrigation water is being pumped directly from farmers, and 
each outfall corresponds to the water inflow required for the irrigation of crops of the served area. 
Finally, the irrigation network consists of 816 canals and the primary channels extent at 133.7 km, 
in total length. The total length of the secondary channels is 330 km while the total length of the 
main ditches is 102.8 km. Furthermore, the district consists of 375 dividers, 375 outfalls and 70 
junctions. 

The hydraulic model used for the new Lake Karla district is the WaterCAD model, which is a 
state-of-the-art software tool primarily for use in the modelling and analysis of water distribution 
systems. The whole network is fed directly from Lake Karla reservoir by three pumping stations 
A0, A1 and A2 and the main components are: (a) three distribution pumping stations D3, D4, and 
D6 (b) two local reservoirs are included in the network for the regulation of pumping stations and 
(c) two types of water intake (7 l/s and 14 l/s) have been matched with the served zones of the 
district. The network consists of 963 junctions, 1,145 pipes, valves (double activation), 64 air valves 
and 15 surge valves. 

The boundaries of the district area were inserted from the geographical information system and 
the WEAP model is set up. The water demand nodes (outfalls in the Technologismiki model) are 
numerous and cannot be imported into WEAP model. Since WEAP model is used only for water 
resources management, one transmission link includes a relatively large sector of the district. This 
means that a demand site in WEAP model includes several demand sites of Technologismiki model 
and the calculated water demand is placed cumulatively in every WEAP model demand site. 

3. RESULTS AND DISCUSSION 

Four alternative scenarios, were developed to be studied with the DIS: 
n Reduction of canal losses (RL) 
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n Alteration of irrigation methods (IMA) 
n Introduction of greenhouse cultivation (GCE) 
n Operation of the future Lake Karla network  

 

 
 

           
 

 
   

Figure 2. a) Surface irrigation network of LALR Pinios River and land use map b) Land use map of LALR karla area 
 c) Snapshot of Technologismiki model layout of Pinios LALR irrigation network d) Snapshot of WaterCad model layout 

of Lake Karla LALR irrigation network and e) WEAP model for the existing LALR Pinios network and for the future 
Lake Karla network 

The analysis of the results, in this paper, is conducted for three network conduits, one main ditch 
(6T(A4)), one primary (9T16(A9)) canal and a secondary one (8T(D54)). It should be mentioned 
that the results have been calculated for the whole network, but due to time and space limitations a 

 

(a) (b) 

(c) (d) 

(e) 
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simpler and more comprehensive presentation is made. As mentioned above, there have been two 
separate runs of the Technologismiki model, one for steady flow conditions and one for non-steady 
flow conditions. Two months are selected as representative examples of presenting the results: April 
(at the beginning of the irrigation period in Greece) and August (where irrigation reaches its 
maximum). Technologismiki software provides results for the flow rate (m3/s), the flow depth (m), 
water velocity (m/s), the Froude number and the conveyance capacity of the conduit under study. 

The four upper charts of Figure 3 show the variation of flow depth for month April and August 
at three selected channels, according to the future management scenarios. It is clear that for all 
cases, the scenario of the reduction of canal losses, creates the conditions for a flow depth decrease, 
since the canals are supposed to be properly maintained (the Manning coefficient is reduced).  
 

 

                                                                                                                                 

 
 

Figure 3. Variation of flow depth according to future management scenarios for a) steady flow and b) dynamic flow 
rooting and variation of water transferred to outfalls for e) April and f) August (dynamic wave rooting) 

Furthermore, the introduction of greenhouse cultivation in some cases, such as for canal 
8T(D54), causes an increase in the flow depth. That can be explained by the increased irrigation 
requirements of greenhouse tomato relatively to cotton for month April. In addition, the scenario of 
alteration of irrigation methods slightly affects the flow parameters, since the change in conveyance 
efficiency Df is quite low (5%) and flow rate and consequently flow depth seem not to be highly 
affected. On the other hand, the variation of flow depth for month August is illustrated at the left of 
Figure 9. For the scenario of channel losses reduction, as in April, the flow depths of canals 
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b)April (dynamic wave rooting)
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9T6(A9) and 8T(D54) are decreasing compared to the reference scenario. For dynamic wave 
simulation, the flow depth in August is reduced for all three selected channels. In contrast to April, 
the scenario of greenhouse cultivation introduction indicates higher flow depth, due to lower water 
demands than cotton. So the reference scenario and the scenario of alteration of irrigation methods 
are expected to have lower flow depths. 

The charts at the bottom of Figure 3 indicate that when the actual pumping program of Pinios 
LALR is applied without any control of the network (i.e. for dynamic wave rooting), such as 
without activation of the dividers, water volume exceeds the irrigation requirements of outfalls O25, 
O45 and O10, but it is not enough for the outfalls located in the middle and the most remote areas 
of the irrigation network. This is true for the three future management scenarios and for both 
months under study (i.e. April and August). The scenario of the reduced canal losses improves the 
network operation to some extent, since the water in that scenario is reaching outfall O105, but it is 
still not enough to meet the required irrigation demand. Therefore, the proper network operation is 
crucial for the sustainable use of the local water resources. Another essential conclusion is that the 
water supply is not enough. Even when losses are practically annihilated, the water supply does not 
meet the water irrigation requirements at the most remote outfalls. 

4. CONCLUSIONS 

This study shows that the DIS is used to simulate the current conditions and the future scenarios. 
The main outputs of Lake Karla DIS may be evapotranspiration maps and land use maps. 
Furthermore, flow characteristics of the network are known at every time step. Information about 
the velocity of the water in a conduit, slopes, depths, Froude numbers, capacity and flow are also 
extracted by the model. Standard reference evapotranspiration calculations, crop water and crop 
irrigation requirements as well as design and management of irrigation schemes may be achieved. 
WEAP model has the ability to provide total water demand, actual water supply and unsatisfied 
(unmet) water demand. The variation of the unmet demand follows the logical assumption: 

n Reduced losses scenario projects the smallest unmet water demand 
n Alteration of irrigation methods scenario projects a moderate decrease in unmet water 

demand 
n Expansion of greenhouse cultivation scenario projects increase in unmet water demand due to 

increased irrigation requirements at winter months 
n Operation of new Lake Karla LALR network scenario projects increased unmet water 

demand, if no groundwater pumping is applied and the water demand is supplied only from 
the Lake Karla reservoir. This is happening because the Lake Karla aquifer is overused and 
environmentally degraded with water table drawdown of hundreds of meters in some 
locations. Thus, pumping of groundwater is posed for the environmental restoration of 
groundwater. Then, the total water demand is covered by surface water resources. 
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