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INTRODUCTION 

 

Fully distributed physical based hydrological modeling systems are among the most 

suitable tools for ensuring that adequate decisions are taken when addressing complex 

issues of both surface water and groundwater management on large scale. They 

combine environmental modeling and Geographical Information Systems (GIS) 

together with a user interface, providing decision models with powerful interactive 

tools for exploring a range of scenarios and assessing alternative solutions. 

Within the frame of this project a state of the art hydrological modelling system 

MIKE SHE / MIKE 11 is going to be used in order to: 

��Quantify, including spatial and temporal variations, the volume of water 

demanded and abstracted for agriculture as well as the water losses in the 

irrigation distribution systems. 

��Quantify, including spatial and temporal variations, diffuse source pollution 

mainly caused by nitrates and phosphates. 

��Determine the relative contribution of basin runoff, ground water seepage and 

Lake Kerkini water to the total basin water resources. 

��Provide a planning and management tool, which will facilitate impact analysis of 

various water management scenarios at basin scale. 

 

The present technical report aims to describe the integrated surface waters and 

groundwater model set up for the Greek part of Strymonas River Basin using MIKE 

SHE / MIKE 11. The report consists of three chapters. In the first one a short 

description of the hydrological function of Strymonas River basin is given, while in 

the next two chapters the setting up of MIKE SHE and MIKE 11 using appropriate 

data are given respectively.   
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1. Hydrological processes governing the Strymonas River basin 

1.1 Description of the basin  

Strimonas River basin is a transboundary basin (Map 1.1) shared by, Greece (36,5%), 

FYROM (9,5%), Serbia (4%) and Bulgaria (50%). The Greek part of the basin covers 

an area of 6.472 km2 and constitutes one of the main basins of the 11th water district 

(Figure 1.1) of Greece according 

to Law 1739/87. 

For the purposes of this project 

only a small part of Agiti’s sub-

catchment (Figure 1.2) is 

included into the test side. 

However its contribution to the 

water balance of Strymonas 

Basin is taken into account as 

lateral inflow.  Administratively 

the basin belongs to the 

prefecture of Serres of the 

Region “East Macedonia and Trace”.                               

Figure 1.1. Water Districts of Greece          
according to law 1739/87 

 

 
Figure 1.2. 11th Water district of Greece and area that included into the test site 

 



 

Map 1.1  The transboundary  basin of Strymonas river.  

 



Strymonas River and Lake Kerkini (an artificial lake fed by Strymonas, see 

picture1.1) are the main surface water bodies in the basin which in turn support the 

natural enrichment of the basin with groundwater [25]. Lake Kerkini was constructed 

during 1933-36 mainly for protection against floods caused by Strymonas River. Soon 

after it was used as a reservoir for irrigation water. During recent decades a unique 

wetland ecosystem has been developed in its shores, which is protected by the Ramsar 

Convention and EU legislation. 

Strymonas River outflows to Strymonikos Gulf whose coastal ecosystems are 

very important for fisheries, biodiversity and tourism. Agricultural activities, which 

constitute the main threat to surface waters and groundwater in the basin, take place in 

its lower part (elevation less than +100 m), which covers an area of 100.000 ha. 

 

 
Picture 1.1 Lake Kerkini 

 

The irrigation and drainage of this area is been elaborated through a dense 

network of irrigation canals and drainage ditches. The Land Reclamation Service of 

Serres – Greece (DEB-S) is responsible for the water resources management in the 

agricultural area through its administrative and technical supervision of the General 

Land Reclamation Agency (G.L.R.A.) and of the 10 Local Land Reclamation 

Agencies (L.L.R.A.).  These agencies are organizations of an agro-cooperative nature 



aiming at the management of land reclamation works and the distribution of irrigation 

water.  

 

1.2 Surface water 

Strymonas River is the main water resource for irrigation in the basin. From the 

100.000 ha of arable land 84.500 ha are irrigated. 54.500 ha (64.5% of the total 

irrigated area) meet their irrigation needs directly from Strymonas River and Lake 

Kerkini [19] while the remaining 30.000 ha from streams and pumping wells (ground 

water)[19]. 

The increase of the irrigated area in Strymonas basin is given in figure 1.3.  

 

 
Figure 1.3. Yearly increase of the irrigation areas in Strymonas Basin 

 

 

During the period between autumn and spring the whole amount of Strymonas 

discharge just after it crosses the Greece – Bulgarian border flows into Lake Kerkini. 

The water level in the lake is controlled by four gates that also control the 

downstream discharge to avoid floods at the lowest area of the basin (Ahinos area) 

since the maximum conveyance of the river nowadays has been reduced to 200 m3/s 

[9]. This has as a result the gradual increase of the water level in the lake which 

causes undesirable alterations to the hydroperiod of its ecosystem. Sedimentation is 

also another factor that causes a gradual increase of the water level of the lake by 

reducing its volume capacity.  

Year Years 
Total 

Irrigated 
Area (ha) 

1950 0 6.000 
1960 10 25.000 
1970 20 32.000 
1980 30 58.000 
1990 40 71.000 
1991 41 72.000 
1992 42 72.500 
1993 43 74.500 
1994 44 75.000 
2004 54 84.500 
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Downstream the lake Strymonas River crosses the plain for 77 km and outflows into 

Strimonikos Gulf. The Gulf is also remaining the final receiver of all the surface 

runoff of the basin. 

The surrounding mountainous area of the plain (areas with elevation higher than 

+100 m) drain through a number of torrents either in Kerkini Lake or in Strymonas 

River (Map 1.2.).  

The west part of the mountainous area downstream of Lake Kerkini, drains 

through a number of torrents that outflow directly into Strimonas River. 

At the east the main drainage canal Belitsa receives almost all surface runoff from 

both the plain and mountainous areas and finally outflows into Strymonas River (Map 

1.2).  

The rest of the east mountainous area drains through the torrent Ag. Ioannis and 

small drainage ditches directly to Strymonas River. 

The north and west mountainous area drains through a number of torrents direct either 

to Strymonas River or Lake Kerkini.  

During summer 11 km after Strymonas crosses the Greek-Bulgarian borders part of its 

discharge diverts through the “Ypsilon 1 (Y1)” floe control structure into three 

irrigation networks (Map 1.3 and Table 2.3), while the remaining discharge outflows 

into the lake Kerkini. Three more irrigation networks receive water directly from the 

Lake through the “Ypsilon 2 (Y2)” and “Ypsilon 3 (Y3)” flow control structures. 

Downstream the lake there is no water flowing in Strymonas River up to its joint with 

Belitsa drainage ditch. Meanwhile the latter receives the drainage water from all the 

above irrigation networks (almost all the networks located at the east of Strymonas 

River) and supplies with water three more irrigation networks. The excess water of 

Belitsa outflows again into Strymonas river which in turn is used from the remaining 

irrigation networks (Map 1.3. and Table 1.1), downstream the lake Kerkini.  

 

        

 1.3 Ground water 

The plain of Serres is probably one of the richest ones in Greece in terms of 

surface water availability.  In many cases soil studies in the [5, 7, 9, 10, 11, 12, 13, 14, 

15, 16, 18] has shown that the crops could meet their irrigation needs directly from 

the capillary zone (see map 1.4) 



Due to the above together with the early constructions of the Lake Kerkini and 

the accompanied land reclamation works the use of ground water constitutes only a 

small percentage compared to surface water use in Strymonas basin. 

For the same reason and data related to the ground water are very limited. 

Presently the agricultural area that meets its irrigation needs using ground water 

is located in places where surface water irrigation schemes have not yet been 

constructed. 

It is estimated that 25% of the agricultural land is irrigated by pumping wells 

(21250 ha) and springs (8750). 

   

 

 

         

 

 



Map 1.2. Catchment identification and drainage in the mountainous area of 

Strymonas basin 

 

 



MAP 1.3. Spatial distribution of irrigation networks 

 

 

 

 



Table 1.1. Management of irrigation areas  
Irrigation networks managed by Local Land Reclamation Agencies (L.L.R.A.) 

 Irrigated Network  Area (ha) Water resource Network type 
1 3rd Serres network (LLRA- 

Sidirokastro) 
7.360 Strymonas river Pipes 

2 1st Serres network (LLRA- 
Iraklias) 

6.230 Strymonas  Concrete Open Channels  

3 Ditiki dioriga (LLRA –Iraklias) 4.930 Strymonas  Earthen channels 
4 2nd Serres network (LLRO-

Provatas) 
14.120 Lake Kerkini Earthen channels 

5 4th Serres network (LLRA- 
Nigritas) 

6.430 Lake Kerkini Pipes 

6 Dimitritsi (LLRA -Strimoniko) 4.760 Lake Kerkini Pipes 
7 5th Serres network (LLRA- 

Dimitras) 
3.760 Agitis river and 

Strymonas river 
Earthen and concrete 
open channels 

8 Ag. Ioannis (LLRA-Ag. Ioannis) 980 Ag. Ioannis Springs Open channels and pipes 
9 (LLRA - Neohori) 320 Ag. Ioannis Springs Concrete open channels 

10 (LLRA -Neos Skopos) 1.010 Belitsa ditch Earthen channel 
 Subtotal 49.900   

Irrigation networks managed by General Land Reclamation Agency (G.L.R.A.). 
11a Psyhiko – Pethilenio 2.030 Belitsa ditch Earthen channels 
11b Pethilenio-Gazoro 290 Belitsa ditch Earthen channels 
11c Ahinos-Mavrothalasa 1990 Strymonas * Earthen channels 
11d Tragilos-Aidonohorio 260 Strymonas * Earthen channels 
11e Efkarpia-Nea Kerdilia 630 Strymonas * Earthen channels 
11f Lefkonas 200 Belitsa ditch Earthen channels 

 Subtotal 5.400   
Irrigation networks managed by Local Self-Administration Organizations 

12  2.000 Agitis river and 
Strymonas river 

 

13  1.100 Artificial lakes  
14  400 Drainage ditches  
15  2.550 Pumping wells  

 Subtotal 6.050   
Privet irrigation systems 

16  550 Strymonas and Agitis   
17  750 Artificial lakes  
18  200 Drainage ditches  
19  18.800 Pumping wells  

 Subtotal 20.300   
 Total 81.650**   

*Absorption by Strymonas when the Belitsa discharge is the main resource of Strymonas.  

** Source: DEB-Serron data (year 2000) [18].   

 

 



Map 1.4. Irrigated areas fed by groundwater and water table level of the plain area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. Model approach 

Due to the interaction between surface water bodies, the underlying saturated zone 

and the aquifers as well as the conjunctive use of surface water and groundwater in 

Strymonas basin an integrated hydrological modeling system MIKE SHE/MIKE 11 

has been chosen for the simulation of the hydrological functioning of the basin. 

 

MIKE SHE is a fully distributed, physical based, finite difference hydrological 

modeling system dynamically coupled with MIKE 11 that contains an implicit, finite 

difference computation of unsteady flows in rivers and estuaries. Using the modelling 

system the following major water flow processes will be simulated simultaneously in 

the basin (catchment): 

��Runoff from the surrounding subcatchments 

��Overland sheet flow and depression storage 

��Infiltration and storage in the unsaturated zone 

��Dynamic exchange between unsaturated zone-groundwater (recharge) 

��Dynamic exchange between aquifers – rivers (seepage) 

��Groundwater flow, storage and potential heads 

��River/canal flow and water levels 

��Evapotranspiration losses 

��Effects of drainage 

��Effects of irrigation water allocation 

 

MIKE SHE/MIKE 11 consists of several components (modules) that simulate the 

above processes. The modules that will be used in Strymonas basin as well as the area 

where they are going to be applied are given in Table 2.1 and Map 2.1 respectively.  

 

 

 

 



Table 2.1. Model components that are applied in Strymonas Basin 
Model 

component 
Simulates Fully dynamic 

coupling 
Dimension Governing 

equation 
MIKE 11 RR 
Rain - Runoff 

Overland runoff and 
groundwater recharge 

MIKE SHE 
SZ, OL 

1 - D NAM 

MIKE SHE OL 
Overland flow 

Overland sheet flow and 
water depth, 
Depression storage 

MIKE SHE  
SZ, UZ  

AND MIKE 11 

2 - D Saint–Venants 
equation 
(Kinematic 
wave 
approximation) 

MIKE 11 HD Fully dynamic river and 
canal hydraulics (flow 
and water level) 

MIKE SHE  
SZ, OL 

1 – D Saint-Venants 
equation  
(dynamic wave 
approximation) 

MIKE SHE UZ 
Unsaturated zone 

Flow and water content 
of the unsaturated zone, 
infiltration and 
groundwater recharge 

MIKE SHE 
SZ, OL 

1 – D Richards 
equation 

MIKE SHE ET 
Evapotranspiration 

Soil and free water 
surface evaporation, 
plant transpiration 

MIKE SHE  
UZ, OL 

- Kristensen & 
Jensen 

MIKE SHE SZ 
Saturated zone 

Saturated zone 
(groundwater) flows and 
water levels 

MIKE SHE 
UZ, OL AND 

MIKE 11 

3 – D Boussinesqs 
equation 

MIKE SHE IR 
Irrigation 

Irrigation demands (soil 
water deficit) and 
allocation (surface 
water/ground water) 

MIKE SHE SZ 
MIKE 11 

 

- - 

 
In the mountainous areas of the basin where human activities are very limited a 

lumped hydrological model, the NAM which forms module of MIKE 11 will be 

applied for the estimation of the surface runoff as well as the ground water recharge. 

All the surrounding subcatchments were delineated using GIS (Map 2.1) in order 

NAM to be applied individually to each one of them.  

In the plain (elevation less than +100 m) of Strymonas basin the full MIKE SHE / 

MIKE 11 will be applied. Hence, the model area has been discretisized into a number 

of computational cells for the numerical solution of the governing equations. The 

spatial scale of MIKE SHE (grid size) will be chosen either to address regional basin 

issues or to do local detailed studies focusing on certain areas. 

 

 
 
 
 
 
 



Map 2.1. Model components that are applied in Strymonas Basin integrated surface 
water / groundwater model. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.1. MIKE SHE model setup 

2.1.1 Model domain and grid 

The area where the model will apply occupies the plain part (elevation less than +100 

m) of the basin and includes the unsaturated and saturated zone. The boundaries of the 

model area are shown in Map 2.1. and Figure 2.1. As a first discretisization has been 

selected that of grid size 400 m x 400 m. 

 

 
Figure 2.1. Domain area as it is shown at Mike SHE dialog box 
 

 

2.1.2 Topography – Digital Elevation Model (DEM) 

Topography constitutes one of the most important variables in MIKE SHE. It defines 

the drainage surface for overland flow, as well as the uppermost surface of both the 

Unsaturated Zone (UZ) columns and the Saturated Zone (SZ) model. Furthermore, 

several other elevation parameters, such as aquifer boundaries, relative to the 

topography can be defined.  

Topography in Strymonas River basin model is represented by the Digital Elevation 

Model (DEM) of the basin. It has been constructed by digitising all the appropriate 



data relative to a) natural and artificial drainage network, b) elevation contours and 

points, using maps of scale 1:50.000 as well as of 1:20.000. [5, 7, 9, 10, 11, 12, 13, 

14, 15, 16]  

      

 

2.1.3 Precipitation  
Precipitation rate constitutes the driving force for almost all the processes of the 

hydrological cycle.  

Daily rainfall data from 11 rainfall stations (Table 2.2) are going to be used in the 

model. For the spatial distribution of the rainfall in the basin the method of Thiessen 

[22] was used dividing the area in 11 polygons of uniform rainfall for each one of 

them (Figure 2.2).   

 

Table 2.2. Precipitation stations located in Strymonas River basin  

 Location Latitude Longitude. Altitude 

1  Serres 41� 05' 23� 32' 34 

2  Kato Orini 41� 12' 23� 36' 745 

3  Ano Vrontou 41� 18' 23� 41' 1040 

4  Nea Zihni 41� 02' 23� 50' 280 

5  Alistrati 41� 04' 23� 58' 300 

6  Aidonohori 40� 50' 23� 44' 212 

7  Nigrita 40� 55' 23� 30' 111 

8  Lithotopos 41� 08' 23� 13' 50 

9  Ano Poroia 41� 18' 23� 02' 395 

10  Sidirokastro 41� 14' 23� 24' 78 

11  Ahladohori 41� 20' 23� 33' 500 

 

 



 
Figure 2.2. Spatial distribution of rainfall in Strymonas River Basin according to the 

method of Thiessen polygons.  

 

 

 

2.1.4 Land use 

The Land Use item in the model is used to define the items that are on the land 

surface that affect the hydrology in our study area including vegetation distribution, 

paved areas and irrigation administrative areas. 

2.1.4.1. Vegetation setup: The vegetation distribution is added to the model for 

the simulation of the Evapotranspiration in the basin. 

Since the area that is modelled by MIKE SHE covers only agricultural areas, 

vegetation distribution in fact is identified by the crop pattern in the basin. The latter 

is going to be identified for each year during July using satellite images. 

Three more parameters are associated with vegetation distribution a) Leaf Area Index 

(LAI), b) Root depth (RD) and AROOT, for each crop that is cultivated in the model 

area. Time varying values for LAI and RD for the main crops in Strymonas basin 



(Figures 2.3. – 2.6) have been found [1, data base of MIKE SHE] and loaded into the 

model. AROOT is a parameter that describes the root mass distribution and hence 

how the water extraction is distributed with depth depends on the AROOT parameter. 

MIKE SHE allows for a user-defined, time-varying root distribution determined by 

the root depth. The root distribution, and the subsequent transpiration, becomes more 

uniformly distributed as AROOT approaches 0. During simulations, the total actual 

transpiration tends to become smaller for higher values of AROOT because most of 

the water is drawn from the upper layer, which subsequently dries out faster. The 

actual transpiration, therefore, becomes more dependent on the ability of the soil to 

conduct water upwards (capillary rise) to the layers with high root density.  

A shallower root depth will lead to more transpiration from the upper unsaturated 

zone layers because a larger proportion of the roots will be located in the upper part of 

the profile. However, again, this may lead to smaller actual transpiration, if the ability 

of the soil to conduct water upwards is limited.  

Thus, the factors AROOT and root depth are important parameters for estimating how 

much water can be drawn from the soil profile under dry conditions. In Strymonas 

basin model AROOT will be adjusted during the calibration process. 

 

Figure 2.3. Maize: Time varying, leaf area index (LAI) and vertical root-depth (RD) 



Figure 2.4. Wheat: Time varying, leaf area index (LAI) and vertical root-depth (RD) 

Figure 2.5. Potatoes: Time varying, leaf area index (LAI) and vertical root-depth 

(RD) 

 



 

Figure 2.6. Sugar beet: Time varying, leaf area index (LAI) and vertical root-depth 
(RD) 

The root extraction is assumed to vary logarithmically with depth by   

� � zAROOTRzR ��� 0loglog   (2.1)  

where Ro is the root extraction at the soil surface. 

2.1.4.2. Paved areas: The paved areas are added into the model for the 

simulation of the surface runoff. Taking into account the descretisization of the model 

area (grid size 400 m x 400 m was primarily selected) as paved areas are going to be 

assigned only the settlements in the modelled area (see map 1.4).  

A uniform runoff coefficient equal to 0.75 has been initially chosen for all the above 
areas (figure 2.7).  



 

Figure 2.7. Paved areas  

 

2.1.4.3. Irrigation administrative areas: In MIKE SHE an “irrigation 

administrative area” is the area being irrigated from the same water source (e.g. 

ground water, a lake, a river). 

In Strymonas basin the main irrigation requirements are covered by Strymonas River, 

Lake Kerkini and Belitsa drainage ditch while the rest are covered by wells, small 

reservoirs and springs (Map 2.2 and Table 1.1).  

On the basis of the current situation in the basin, 11 irrigation administrative 

areas have been initially defined (Map2.2). 

 

 



 Map 2.2 (source type) … irrigation requirements of administrative areas are met 

from wells, river, lake, springs, drainage ditches, reservoirs.  

 

  

 

 

 



2.1.5 Evapotranspiration (ET) 

In MIKE SHE, the ET processes are split up and modelled in the following order:  

1. A proportion of the rainfall water is intercepted by the vegetation canopy, part 

of this water evaporates. 

2. The remaining water reaches the soil surface, producing either surface water 

runoff or infiltrating down to the unsaturated zone.  

3. Part of the infiltrating water is evaporated from the upper part of the root zone 

or transpired by the plants.  

4. The remainder of the infiltrating water recharges the groundwater in the 

saturated zone.  

The primary ET model is based on empirically derived equations that follow the work 

of Kristensen and Jensen (1975) [8], which was carried out at the Royal Veterinary 

and Agricultural University (KVL) in Denmark. A detailed description of the 

equations governing the above components of ET is given in MIKE SHE user guide 

[8]. 

Even though Potential evapotranspiration (PET) (the maximum rate at which ET can 

occur) is the basic element for the estimation of the actual it is not calculated by 

MIKE SHE and it should be loaded as an external time series (mm/day). 

For the purpose of this project and taking into account the availability of 

meteorological data in the basin it was decided to use the method of Penman as it was 

modified by Doorembos and Pruit (1992), [19, 6]: 

 

E�r = c [WRn + (1 - W) * f(U) * (ea - ed)]   mm/day     

  (2.2) 

Where : 

 W = temperature and altitude dependent weight factor given by tables 

Rn= total net radiation in mm/day or Rn= 0.75Rs-Rnl where Rs is incoming 

shortwave radiation in mm/day either measured or obtained from Rs = (0.25+0.50 

n/N)Ra. Ra is extra terrestrial radiation in mm/day, n is the mean actual sunshine 

duration in hour/day, Rnl is the longwave radiation in mm/day and is a function of 



temperature, f(T), of actual vapour pressure, f(ed) and sunshine duration, f(n/N), or 

Rnl=f(T)*f(n/N)*f(ed) (all the above parameters are given by tables)  

f(U)= wind function of  

f(U) = 0,27 * (1 + U/100)       

   (2.3) 

with U = in km/day  measured at 2 m  height 

ea - ed = vapour pressure deficit i.e. the difference between saturation vapour pressure 

(ea) at Tmean in mbar (given by tables) and actual vapour pressure (ed) in mbar where 

ed = ea * RHmean          

     (2.4) 

Where RHmean = mean relative humidity 

c= adjustment factor for ratio Uday/Unight, for RHmax and for Rs (given by tables) 

 

The estimation of the PET will be performed using data from the meteorological 

station of Serres since it is the only one where the values of the required parameters 

are recorded. As a result PET is assumed to be uniform in the whole plain area. 

 

 

2.1.6 Overland Flow 

When the net rainfall rate exceeds the infiltration capacity of the soil, water is ponded 

on the ground surface. This water is available as surface runoff, to be routed down 

gradient towards the river system. The topography and flow resistance as well as the 

losses due to evaporation and infiltration along the flow path determine the exact 

route and quantity. MIKE SHE’s Overland Flow Module, using the diffusive wave 

approximation of the Saint Venant equations, calculates the water flow on the ground 

surface.  

Using rectangular Cartesian (x,y) coordinates in the horizontal plane, let the ground 

surface level be Zg (x,y), the flow depth (above the ground surface be h(x,y), and the 

flow velocities in the x- and y-directions be u(x,y) and v(x,y) respectively. Let i(x,y) be 

the net input into overland flow (net rainfall less infiltration). Then the conservation 

of mass gives the equation: 
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and the momentum equation gives  
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   (2.6b) 

where Sf is the friction slopes in the x- and y-directions and So is the slope of the 

ground surface. Equations (2.5), (2.6a) and (2.6b) are known as the St. Venant 

equations and when solved yield a fully dynamic description of shallow, (two-

dimensional) free surface flow [8]. 

The basic data required for the calculation of Overland Flow are:  

�	 The Manning number N, which is equivalent to the Stickler roughness 

coefficient. Manning number N=1/n, where n is the Manning Roughness 

Coefficient. The estimation of n parameter is given by tables for various kinds 

of channels. In our case we use the normal value for a flood plain that is 

cultivated and there are mature field crops [28, 22]. This category matches 

with our case and the value is n=0.04 so Manning number is N=25.       

�	 The Detention Storage. It is used to decrease the amount of water that can 

flow over the ground surface. Water trapped in detention storage continues to 

be available for infiltration to the unsaturated zone and to evapotranspiration. 

Using detention storage, we can simulate water that is trapped in depressions 

that are smaller in area than a grid cell. In Strymonas basin model the 

detention storage was set equal to 2 mm so the water will be able to flow as 

overland flow when the depth of water on the surface exceeds 2 mm.  

�	 The Initial Water Depth on the ground surface (ponded water). �he 

distribution of the depth of water in Lake Kerkini and zero for any other cell at 

the beginning of the simulation is used for the model setup.  



 



2.1.7 Unsaturated flow 

 

MIKE SHE allows three different options to be used for the simulation of unsaturated 

water flow, a) the full Richards equation, which requires a tabular or functional 

relationship for both the moisture-retention curve and the effective conductivity b) a 

simplified gravity flow procedure, which assumes a uniform vertical gradient and 

ignores capillary forces, and c) a simple two-layer water balance method for shallow 

water tables. For the purpose of the project the Richards equation has been chosen:  

 

S
z
K

z
K

zt
C �

�
�

�

�

�

�

�
�
�

�
�

�
�
� ��

        

    (2.7) 

Where:  

�
�
�
�

�C   is the slope on the soil moisture retention curve 

� is the volumetric soil moisture 

S is the root extraction sink term 

����	is the hydraulic conductivity function, and		

���� is the soil moisture retention curve. 

The sink terms in Eq. (2.7) are calculated from the root extraction for the transpiration 

in the upper part of the unsaturated zone. The integral of the root extraction over the 

entire root zone depth equals the total actual evapotranspiration. Direct evaporation 

from the soil is calculated only for the first node below the ground surface. 

All the data required for solving the above equation are stored into MIKE SHE for 

each soil type.  

 



Eleven soil types (in terms of particle size distribution) were adopted after analysing 

and combining data from previous soil studies [5, 7, 9, 10, 11, 12, 13, 14, 15, 16, 18] 

within the irrigation areas. The soil types and their spatial distribution are given in 

Map 2.3.  

For the areas outside the irrigation networks where no any data was available we 

assumed Loam soils since this type is the dominant one according to the 

aforementioned studies.  

  

 



Map 2.3 Soil types 

 

 



 

Since there is no existing information for the above soil types regarding a) their soil 

moisture retention curve ����	and b) the hydraulic conductivity ��	their values are 

been estimated using theoretical formulas.  

For the case of Strymonas basin the Van Genuchten’s formula is been used: 
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where: 

� ��� = soil water content � [L3/L3] at pressure head � [L]. 

s� = soil moisture at saturation [L3/L3] 

r� = soil residual moisture contents [L3/L3] 

�= empirical parameter [1/L] 

 n, m = empirical parameters [-] 

m = 1-1/n 

Representative values of s� , r� , � and n for each soil type are given in table 2.3 [4, 1, 

29]. 

 

Table 2.3. Van Genuchten’s formula parameters 

 Soil type s�  r�  � (cm-1) n K (cm/day) 

1 Sand  (S) 0.43 0.045 0.145 2.68 713 
2 Loamy Sand (LS) 0.41 0.057 0.124 2.28 350 
3 Sandy Loam (SL) 0.41 0.065 0.075 1.89 106 
4 Loam (L) 0.43 0.078 0.036 1.56 25 
5 Silt (Si) 0.46 0.034 0.016 1.37 6 
6 Silt Loam (SiL) 0.45 0.067 0.020 1.41 10.8 
7 Sandy Clay Loam (SCL) 0.39 0.100 0.059 1.48 31.4 
8 Clay Loam (CL) 0.41 0.095 0.019 1.31 6.24 
9 Silty Clay Loam (SiCL) 0.43 0.089 0.010 1.23 1.68 
10 Sandy Clay (SC) 0.38 0.100 0.027 1.23 2.88 
11 Silty Clay (SiC) 0.36 0.070 0.001 1.09 0.48 
12 Clay (C) 0.38 0.068 0.001 1.09 4.80 
 



It should be pointed out that MIKE SHE enables the use of such formulas (see figures 

2.8 and 2.9.) 

 

 
Figure 2.8. Retention and Conductivity curves for Loam soil type 

 

 



Figure 2.9.  Retention curve applying Van Genuchten’s formula  

 

2.1.8 Saturated Zone 

In MIKE SHE, the saturated zone constitutes one of the components of an integrated 

groundwater/surface water model. Saturated zone interacts with all the other 

components - overland flow, unsaturated flow, channel flow, and evapotranspiration 

and the model uses them as simple boundary conditions. MIKE SHE requires the 

discretization of the simulated area by a uniform grid. Setting up the saturated zone 

hydraulics involves defining the following:  

�	 drainage 

�	 the geological model,  

�	 the vertical numerical discretization,  

�	 the initial conditions, will be defined by the monitoring network, and  

�	 the boundary conditions. 

2.1.8.1. Drainage  

Surface drainage is a special boundary condition in MIKE SHE used to define natural 

and artificial drainage systems that cannot be defined in the MIKE 11 River setup. 

Surface drainage can only be applied to the top layer of the Saturated Zone model. 

Water that is removed from the saturated zone by surface drainage is routed to local 

surface water bodies.  

Drainage flow is simulated using an empirical formula, which requires, for each cell, 

a drainage level and a time constant (leakage factor) that are used for routing the 

water our of the element. Both drain levels and time constants can be spacially 

defined. A typical drainage level is 1m below the ground surface and a typical time 

constant is between 1e-6 and 1e-7 s-1.  

MIKE SHE also requires a reference system for linking the drainage to a recipient 

cell, which can be a MIKE 11 river node, another SZ grid cell, or a model boundary. 

Whenever drain flow is produced during a simulation, the computed drain flow is 

routed to the recipient point using a linear reservoir routing technique. Several 



different options for setting up the reference system are available (figure 2.10), which 

are selected in the Saturated Zone dialog.  

 

Figure 2.10. Options of the Saturated Zone dialog 

 

Drain flow determined by level of drain  

In this option the reference system is created automatically using the slope of the 

drains calculated from the drainage levels in each cell. Thus, as long as a downward 

slope is found, the drain flow will continue until crossing a river or the model 

boundary. Subsequently, a link is made from the drain flow producing grid to the river 

node or the model boundary.  

If local depressions in the drainage levels exist, the SZ nodes in these depressions 

may become the recipients for a number of drain flow producing nodes. This often 

results in the creation of a lake at such local depressions.  

Drain flow determined by grid code values  



This method is often used when the topography is very flat, which can result in 

artificial depressions, or when the drainage system is very well defined, such as in 

agricultural applications.  

In this method, the drainage levels and the time constants are defined as in the 

previous method. However, a grid code map is also required, which is used to link the 

drain flow producing cells to a recipient node. The drain levels are still used to 

calculate the amount of drain flow produced in each node, but the routing is based 

only on the code values in the drain code file.  

Drain flow determined by level and grid code values  

A combination of the two above options can also be applied. In this case, an additionl 

Drain Code file is required containing the distribution of the two methods. In model 

cells with a code value of 1, the drain flow routing will be calculated based on drain 

levels. In model cells with a code value of 2, the drain flow routing will be calculated 

based on the Drain Code.  

Drain flow to boundaries  

The fourth option simply exports drainage water out of the model area.  

In the case of Strymonas basin model the second option “Drain flow determined by 

level and grid code values” has been chosen rooting the drain flow to the existing 

drainage network (Map 2.4.). 

 

2.1.8.2. The geological model 

The development of the geological model of a basin using MIKE SHE is probably one 

of the most difficult and time consuming steps in the modelling process. Digital maps 

of all the important hydrologic parameters, as well as of the geometry of the aquifer 

should be available. 

Unfortunately in the case of the Strymonas basin model there is no readily available 

information regarding the above required data. Any attempt to develop the geological 



model of the area will be based on the information obtained a) from the cross sections 

of a number of representative irrigation wells in the plain (Map 2.5, figure 2.11), and 

b) the geological study in the area [25].      

As a first step a single aquifer with uniform spatial distributed hydraulic properties 

(e.g. conductivity) was considered for the whole plain. Beneath this aquifer an 

impermeable clay layer was considered. 

 

 



Map 2.4. Drain flow rooting in Strymonas Basin 

 

 

 



Map 2.5. Examinant Pumping wells 



 

 
Figure 2.11. Pumping well cross section. Well No. 19 of map 2.5.  

 

     



2.2. MIKE 11 model setup 

2.2.1 River network setup 

Strymonas River, Lake Kerkini as well as all the major irrigation canals and drainage 

ditches have been included in MIKE 11 (map 2.6). 

More precisely 10 branches have been included as part of the river hydraulic model of 

Strymonas basin. This number is going to be further increased according to the needs 

of the project, for a more detailed description of the water management in the basin. 

All the branches that have been included in the model came from the digital elevation 

model (DEM) of the basin that is used by MIKE SHE. That means the shape; the 

position and the slope of the branches ensure the complete hydraulical compatibility 

between MIKE SHE and MIKE 11. The longitudinal profiles and the horizontal plan 

of the branches are shown in figures 2.12 – 2.26.    

The start point for the simulation of river network is the cross border point of 

Strymonas River. After 25 km Strymonas River enters into Lake Kerkini. The bottom 

slope of the river, from the borders to the lake (25 km), fluctuates between 0.8% and 

1.2%.  Downstream the Lake Kerkini Strymonas River goes on for 77 km and keeps a 

direction from northwest to southeast before it outflows into Strymonikos Gulf (map 

2.6). Figure 2.12 shows the horizontal plan of the simulated network. The green 

branch is Strymonas River with Lake Kerkini. The section along centre line of this 

branch is shown in figure 2.13. 



 

Figure 2.12. Horizontal plan of the simulated network. Strymonas River is shown 

with a green line. 

 

Figure 2.13. Longitudinal profile of Strymonas and Kerkini’s branch. 

 

Surface water distribution for irrigation purposes starts 11 km downstream of the 

borders. There is a flow control structure called “Ypsilon 1 (Y1)” which during the 

irrigation period distributes about 16 m3/s of the river’s water to the main canals 

called “2K”, and to the diversion canal “Trimeristis” which in turn supplies water to 

the canals “Ditiki dioriga”, “Kentriki dioriga” and “Anatoliki dioriga” (map 2.6).  



 “2K” canal has a discharge capacity of 7 m3/s and supplies the irrigation networks of 

Sidirocastro (map 2.2).  

 

Figure 2.14. Horizontal plan of “2K”branch (green line). 

 

 

Figure 2.15. Cross section along centre line of the “2K” branch. 

 

 The diversion canal “Trimeristis” distributes irrigation water in three directions and 

supplies with water the 1st irrigation network of Serres plain area (6.230 ha) (map 2.2) 

through the canals “Kentriki dioriga” and “Anatoliki dioriga” with maximum 

discharge capacity of 3.8m3/s and 3.5m3/s, respectively. Also, “Trimeristis” supplies 



with water the canal “Ditiki dioriga” with maximum discharge capacity of 1.8m3/s 

and irrigates the area of “Hrisohorafa” (4.930 ha). This area is located between 

Strymonas River with Lake Kerkini and “Ditiki dioriga” (map 2.2). The maximum 

discharge capacity of the “Trimeristis” is approximately 9.1m3/s.  

 

Figure 2.16. The green brunches are “Ditiki dioriga” on the left, “Kentriki 

dioriga” in the middle and “Anatoliki dioriga” on the right. 

 

 
Figure 2.17. Cross section along centre line of the “Ditiki dioriga” branch and the 

drain ditch “Anagenniseos” 
 

The next two water extraction points for irrigation purpose are located in Lake 

Kerkini.  



The first one is located at “Ypsilon 2 (Y2)” and supplies with water the canal called 

“Enotiki Dioriga” (map 2.6) which in turn supplies with water the 2nd irrigation 

network of Serres that covers an area of 14.120 ha (map 2.2). The discharge capacity 

of this canal is about 30 m3/s.  

 

Figure 2.18. Horizontal plan of “Enotiki Dioriga” canal (green line).  

 

 

Figure 2.19. Cross section along centre line of the “Enotiki Dioriga”. 

 

The second water extraction point is located at “Ypsilon 3 (Y3)” and supplies with 

water the canal called “5K” (figures 2.20, 2.21 and map 2.6) which in turn supplies 

with water the 4th irrigation network of Serres and the “Dimitritsi” irrigation network, 



covering an area of 6.430 ha and 4.760 ha respectively (map 2.2). The discharge 

capacity of “5K” is about 12.5 m3/s.  

 

Figure 2.20. Horizontal plan of “5K” canal (green line).  

 

 

Figure 2.21. Cross section along centre line of the “5K” 

 

The main drainage ditches called “Anagenniseos” and “Belitsa” have also been 

included into the model. “Anagenniseos” drains the areas of the 1st irrigation network 

of Serres and the area of “Hrisohorafa” with total covering area of 11.160 ha. The 

“Anagenniseos” starts from Kerkini’s dam and outflows in to the “Belitsa” ditch (map 



2.6). In fact the “Belitsa” ditch collects the drainage water from the whole area, east 

of Strymonas River. “Belitsa” ditch starts from Sidirokastro town (see map 2.6) and 

outflows in to Strymonas River at the south (see map 2.6).  During the irrigation 

period, “Belitsa” becomes the main water supplier of Strymonas River. “Belitsa” 

discharges high quantities of drainage water and many small irrigation networks use 

this drainage water straight from the “Belitsa” ditch (map 2.6).  

 

Figure 2.22. Horizontal plan of “Anagenniseos” ditch (green line).  

 

Figure 2.23. Cross section along centre line of the “Anagenniseos” ditch. 



 

Figure 2.24. Horizontal plan of “Belitsa” ditch (green line).  

 

 

Figure 2.25. Cross section along centre line of the “Belitsa” ditch. 

    

 



 

Figure 2.26. Main water network of Strymonas River in Serres plain area. 

 



Map 2.6 Main irrigation and drainage network in Strymonas Basin 

 



2.2.2 Cross Section data  

The geometry of each river branch is specified in terms of a number of representative 

cross sections. Cross sections and their elevation (datum) are important to both 

discharge capacity and storage capacity at different reaches of the river system. 

There are two types of cross section data; the raw survey (figure2.27) data and the 

derived processed data (figure2.28). The raw data describe the shape of the cross 

section and typically comes from a section survey of the river. The processed data is 

derived from the raw data and contains all information used by the computer model 

(e.g. level, cross section area, flow width, hydraulic/resistance radius).  

Each cross section is uniquely identified by the following three keys:  

�	 River Name: The name given to the river branch. String of any length. 

�	 Topo ID: Topographical identification name. String of any length. 

�	 Chainage: River chainage of cross section (positive direction downstream). 

 

Figure 2.27. Raw survey cross section data. 



 

Figure 2.28. Cross section derived processed data. 

Data regarding cross sections in Strymonas River and the rest of the branches 

obtained from previous studies [17, 24, 29] and fieldwork.    

Information regarding the elevation (datum) of each cross section has been extracted 

from the digital terrain model of the basin. 

Lake Kerkini was simulated as a wide area of Strymonas River and the cross sections 

of the lake was included at Strymonas River.  

 

  

2.2.3 Boundary Conditions 

Boundary conditions are specified at upstream and downstream ends of the river 

network. 



Also boundary conditions are specified at certain positions of the river network as 

lateral inflow from the torrents of the mountainous area that surround the domain 

area. 

At the upstream end of Strymonas River a monthly constant discharge has been 

assumed [17] (figure 2.29). 

  

Monthly mean discharge of Strymonas River
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Figure 2.29. Monthly mean discharge at the upstream end of Strymonas River. 

At the downstream of Strymonas River a normalized sinusoidal fluctuation of the 

water depth representing the semidiurnal Range of Tide (= ±0.2m) at Amfipoli, has 

been accepted [29](figure 2.30). 
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Figure 2.30. Range of Tide (= ±0.2m)  
 

At the upward end of the drainage ditch of “Belitsa” the surface runoff from the 

subcatchment has been accepted as boundary conditions. This inflow will be 

estimated during the simulation period by the modelling system using NAM model 

(see next paragraphs).    



2.2.4 Hydrodynamic structures 

 The following major hydraulic structures are going to be included into MIKE 

11 model for the simulation of the distribution of water into Strymonas irrigation 

networks. 

1. A weir which is located in Strymonas River (see paragraph 2.2.1). This 

structure diverts part of Strymona’s water into the diversion canal for 

supplying water to “2K” canal and to “Trimeristi” which is a head 

regulator for three irrigation canals.  

2. The head regulator “Trimeristis” (see paragraph 2.2.1). This structure 

diverts water to       “Kentriki dioriga”, “Anatoliki dioriga” and “Ditiki 

dioriga” and in fact consists of three water gates. 

3. A system of four gates located at the dam of Kerkini (see paragraph 

2.2.1). This structure controls the level of Kerkini Lake and diverts the 

excess of water into Strymonas River. 

4. Two water gates located at the dam of Kerkini (see paragraph 2.2.1). 

These structures supplies water to irrigation canals of “5K” and “Enotiki 

dioriga”. 

2.3. Rain Runoff model setup 

  

The amount of water that enters into the plain area (<100m elevation) either as surface 

runoff or as groundwater recharge from the surrounding sub-cathments (see paragraph 

1.2 and map 1.2) is simulated using the NAM model which forms part of the rainfall-

runoff module of the MIKE11 river modelling system.  

The basic input requirements for the NAM module consist of: 

�	 Model parameters 

�	 Meteorological data 

�	 Stream flow data for model calibration and validation 

 

Model parameters 

Fifteen contributing sub catchments have been identified in Strymonas basin. The 

NAM module will be used for each one of them and the results (runoff and 



groundwater recharge) will be entered into the MIKE 11 river network and MIKE 

SHE at certain positions as boundary conditions. (Figure 2.31) 

    

 
Figure 2.31. Input of subcatchments in NAM rainfall-runoff module of MIKE 11 

 

In Table 2.4 the required input parameters together with the range of their values are 

shown.  

 

Table 2.4. The main parameters of NAM 

Parameters Units Bandwidth 

Max. water content in surface storage - Umax mm 10-20 

Max. water content in root zone storage - Lmax mm 100-300 

Oveland flow runoff coefficient – CQOF  0.1-1.0 

Time constant for routing interflow - CKIF hour 200-1000 

Time constant for routing overland flow - CK1,2 hour 10-50 

Root zone threshold value for overland flow - TOF  0.0-0.99 

Root zone threshold value for interflow - TIF  0.0-0.99 

Groundwater   



Root zone threshold value for groundwater recharge - TG  0.0-0.99 

Time constant for routing baseflow - CKBF hour 1000-4000 

 

 

The above values will be adjusted for each sub-catchment during the calibration 

process of the integrated surface/groundwater model of Strymonas basin. 

 

Meteorological data 

 

Apart from the parameters of Table 2.4, NAM requires time series of precipitation 

and potential evaportranspiration for the simulation period. 

With regard the precipitation the same time series as that ones used in MIKE SHE as 

well as the same spatial distribution are going to be used also in NAM (see paragraph 

2.1.3 and figure 2.2).   

Instead of Modified Penman Method that was selected for the estimation of Reference 

Evapotranspiration in the plain areas, the Thornthwait method [26] is also used here 

for the mountainous areas. That is:   
�
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where 

Ep = potential evaportranspiration (mm/month) 

T = mean monthly temperature (oC) 

I = annual index of temperature, calculated from the relationship: 
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� = 0.000000675 �3 – 0.0000771 �2 + 0.01792 � + 0.49239 

Ld = coefficient depending on latitude and the month of the year. 

 

Since daily temperature is recorded in all meteorological stations in Strymonas Basin 

the Thiessen’s polygons method has also been accepted for the spatial distribution of 

the evapotranspiration at the mountainous areas.   
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