
European Water 39: 53-63, 2012. 
© 2012 E.W. Publications 

Estimation of agricultural flood loss in the Koiliaris river basin in Crete, 
Greece 

A.E. K. Vozinaki, N. N. Kourgialas and G. P. Karatzas* 

Department of Environmental Engineering, Technical University of Crete, Chania, Greece. 
e-mails: avozinaki@isc.tuc.gr, nektarios.kourgialas@enveng.tuc.gr, karatzas@mred.tuc.gr 

 

Abstract:  The assessment of flood-inflicted economic loss in the rural sector is presented in this work. The MIKE FLOOD 
hydrological model was employed in order to simulate the river hydraulics, using the MIKE 11 one-dimensional sub-
model, and the overland flow in the floodplain area, using the two-dimensional MIKE 21 sub-model. The coupled grid 
model was used for the inundation simulation of a specific flood event that took place in the Koiliaris River basin in 
Crete, Greece. The floodwater depth parameter values were simulated for each grid cell of the study area. 
Subsequently, a grid-based mathematical flood loss model was used to evaluate the economic loss in the agricultural 
sector for the flood event under study. This work demonstrates the significance of establishing an integrated 
framework capable of directly estimating the economic losses in several sectors affected by flooding. Flood risk and 
vulnerability assessment in flood prone areas is a valuable tool for societies that are frequently affected by this threat. 
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1. INTRODUCTION 

In the recent past, flood events and the consequent economic losses have become a serious 
problem in developed societies. According to EU Directive 2007/60/EU on the assessment and 
management of flood risks, objectives regarding the management of flood risks should be 
determined by the Member States themselves and should be based on local and regional 
circumstances. An integrated flood loss estimation framework, useful in flood assessment and 
management, is presented in this work and applied to a specific case study. The framework provides 
for flood inundation simulation and for flood loss estimation based on the output of the inundation 
simulation.  

Several hydrological models have been used for the simulation of flood inundation. In this work, 
a combination of one-dimensional and two-dimensional models was employed. The main advantage 
of this approach is that it provides for a better representation of the physical behavior of the system 
(Dhondia and Stelling, 2002). Bates and De Roo (2000) used the LISFLOOD-FP model to solve 
floodplain hydraulic routing problems, arguing that the best model for flood inundation simulation 
is the simplest one. Dutta et al. (2003) simulated flood inundation using a physically based 
distributed hydrologic model taking into consideration the five major processes of the hydrologic 
cycle (interception and evapotranspiration, river flow, overland flow, unsaturated zone flow and 
saturated zone flow). They also combined the flood parameters from the simulation output with a 
unit loss estimation model. The unit loss approach is based on the stage-damage curve 
methodology, which is internationally accepted for flood loss prediction (Smith, 1994). The data 
required to develop stage-damage curves can be collected from actual flood events. Alternatively, 
when historical flood damage data are scarce, synthetic stage-damage curves could be developed, 
relying on hypothetical analysis which uses data collected by what-if-questions (Merz et al., 2010). 
Flood parameters other than floodwater depth can be included in the ideal depth-damage 
relationship development, namely, flow velocity, duration of inundation, frequency of flooding, 
sediment concentration, contamination of floodwater, availability and information of flood warning, 
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time of occurrence and socioeconomic values. There is no comprehensive approach for including all 
these factors in damage modeling as most of these parameters are rarely taken into consideration. In 
this work the depth-damage curves established by Dutta et al. (2003) were used for the estimation 
of agricultural loss.  

The objective of this work is to establish an integrated loss estimation framework for an 
upcoming flood event in regions prone to this danger. The hydrological model MIKE FLOOD was 
employed for flood inundation simulation. The economic loss in the agricultural sector was then 
estimated using a flood loss model which interacts dynamically with the hydrological model. The 
methodology was applied to the Koiliaris River basin in Crete, Greece. This agricultural area has 
been affected by floods in the past and special attention is necessary in order to minimize the risk of 
future flood damage. The design of flood control measures should comply with the 
recommendations of Directive 2007/60/EU. 

2. METHODOLOGY 

The hydrological model MIKE FLOOD was employed for the simulation of the flood event. 
MIKE FLOOD enables the coupling of the one-dimensional model MIKE 11 and the two-
dimensional hydrodynamic model MIKE 21. The maximum floodwater depth, which was estimated 
at every MIKE FLOOD model grid node, was subsequently used as input to a flood loss model for 
the estimation of agricultural flood damage. 

2.1 The one-dimensional river model MIKE 11 

MIKE 11 is a one-dimensional river model used for the simulation of river hydraulics. MIKE 11 
applied with the fully dynamic wave descriptions solves the vertically integrated mass and 
momentum conservation equations, also known as ‘Saint Venant’ equations (MIKE 11, 2011). The 
continuity and momentum conservation equations for any open channel cross section are presented 
in Eq. 1 and 2, respectively: 
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where Q is the discharge (m3 s-1), A the flow area (m2), q the lateral flow (m2 s-1), h the stage above 
datum (m), C the Chezy resistance coefficient (m½ s-1), R the hydraulic or resistance radius (m) and 
α the momentum distribution coefficient (dimensionless). 

MIKE 11 uses a computational grid consisting of alternating Q- and h-points, where the 
discharge, Q, and the water level, h, are computed at each time step (Fig. 1). Q-points are always 
placed midway between neighbouring h-points (MIKE 11, 2011). 

2.2 The two-dimensional hydrodynamic model MIKE 21 

MIKE 21 is a general numerical model for water level and flow simulation in a floodplain area 
(MIKE 21, 2011). It is capable of simulating unsteady, two-dimensional flows in one layer, 
(vertically homogenous) fluids. The equation of mass conservation (Eq. 3) and the equations of 
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momentum conservation integrated over the vertical (Eqs. 4 and 5) describe the flow and the water 
level variations: 
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where ( , , )x y t is the surface elevation (m), ( , , )d x y t  the time varying water depth (m), ( , , )h x y t  
the water depth (m), ( , , )p x y t and ( , , )q x y t the flux densities in the x- and y-directions (m2 s-1), 

( , )C x y the Chezy resistance (m½ s-1), g the gravity acceleration (m s-2), , , ( , , )x yV V V x y t the wind 

speed and the components in the x- and y-directions (m s-1), the atmospheric pressure (kg m-1 s-2), 
( )f V the wind friction factor (dimensionless), ( , )x y the Coriolis parameter (s-1), w  the water 

density (kg m-3), x,y the space coordinates (m), t the time (s) and , ,xx xy yy    the components of 

effective shear stress (m2 s-2). 

2.3 The coupling system MIKE FLOOD 

MIKE FLOOD integrates the one-dimensional model MIKE 11 and the two-dimensional model 
MIKE 21 into a single, dynamically coupled modeling system (MIKE FLOOD, 2011). This 
coupling tool exploits the best features of both MIKE 11 and MIKE 21. Lateral links are used, 
enabling the overbank flow simulation between the river channel and the floodplain area (Fig. 2). A 
lateral link allows a string of MIKE 21 cells to be laterally linked to a given reach in MIKE 11, 
either a section of a branch or an entire branch. 

2.4 Flood loss estimation model for agricultural loss  

The simulation output parameters from the hydrological model (i.e., flood width, maximum 
floodwater depth) interact dynamically with a techno-economical flood loss estimation model via 
stage-damage curves. Flood damage in any given cell (i,j) for different kinds of crops and 
vegetables is estimated by Eq. 6 and 7: 
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where n is the total number of crops in any grid cell (i,j), Dm(i,j,k) the damage to crop type k  per 
unit area (€ m-2), CRPα(i,j,k) the total cultivation area of crop type k (m2), L(k) the loss factor for 
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crop type k depending on the year time period (dimensionless), CPk the estimated cost per unit 
weight of crop type k (€ kg-1), Yk the normal year yield of crop type k per unit area (kg m-2) and 
DCk(i,j) the stage-damage function for crop type k. 

Stage-damage curves DCk (Eq. 7) are the most significant component in this flood loss 
estimation methodology. They represent the unit percentage damage to any object for a given 
floodwater depth (Dutta et al., 2003). In this work, the stage-damage functions established by Dutta 
et al. (2003) were used for the agricultural sector. 

  

Figure 1. Channel section with computational grid  
(MIKE 11, 2011). 

Figure 2. Application of Lateral Links 
(MIKE FLOOD, 2011). 

3. METHODOLOGY APPLICATION 

3.1 Study area 

The methodology described in the previous section was applied to the Koiliaris River basin, 
located in the eastern part of the Chania Prefecture in Crete, Greece (Fig. 3). The watershed extends 
from the White Mountains to the coastline and covers a total area of 130 km2. The study area 
consists of carbonate formations, flysch, quaternary-neogenic and alluvial deposits. The area has 
been subject to flooding several times in the past. In this work, the flood event of February 11-12, 
2003 was simulated and the consequent agricultural flood loss was evaluated for a river segment 
extending approximately 3.5 km from the river outlet. 

 

 

 

 
 

Figure 3. The Koiliaris River basin. 



European Water 39 (2012)   57 

 

3.2 MIKE 11 model setup 

The most important aspect in the setup of MIKE 11 is the accurate representation of the channel 
geometry. The appropriate choice of the cross section locations is of great significance for the 
modeling accuracy (Samuels, 1990). Four surveyed cross sections, denoted by CS1-4 in Fig. 4, 
were used in the present work. Furthermore, interpolated cross sections were inserted every 10 m 
from the most upstream point to the outlet point, enabling the establishment of 346 cross sections 
along the river. Figure 5 depicts the channel geometry. Resistance values for all cross sections were 
set based on values from literature (Chow et al., 1988). 

  

Figure 4. River network, field measured cross 
sections (CS1-4) and boundary conditions 

(BC1-2). 

Figure 5. Channel geometry. 

The upstream boundary condition, BC1, describes the hourly discharge time series on February 
11-12, 2003 in the upstream part of the Koiliaris River (Fig. 6a). This time series was obtained from 
a HSPF-based modeling framework (Kourgialas et al., 2010). The outlet cross section Q/h curve 
which was automatically calculated by MIKE 11 was set as downstream boundary condition (BC2, 
Fig. 6b). The h-values in the Q/h equation were extracted from the processed data on the actual CS4 
cross section and the related Q-values were calculated based on the assumption that the flow is 
critical. 

a. Discharge time series 11-12/2/2003 (BC1) b. Outlet cross section Q/h curve (BC2) 

  

Figure 6. Upstream and downstream boundary conditions. 

3.3 MIKE 21 model setup 

The most important process in the two-dimensional flood inundation simulation is the floodplain 
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topography definition (Gilles and Moore, 2010). Thus, a bathymetry grid file was created using 
1 m, 2 m and 4 m contour line datasets of Chania Prefecture topographical maps (1:5000) mapped 
in a Geographical Information Systems environment. Figure 7 presents the exact floodplain 
elevation for the study area. 

  

Figure 7. Floodplain elevation. Figure 8. MIKE 21 bathymetry file. 

A land value is required by the MIKE 21 model. All grid points with elevation greater than or 
equal to the land value will always be considered as land and will not be subject to possible 
flooding (MIKE 21, 2011). In this work, the land value was set to an altitude of 30 m. This value 
was set around the outer edges of the model area indicating the absence of any open boundaries that 
could allow any water inflow or outflow around the study area edges. Since the river network 
geometry was accurately defined in MIKE 11, this area was excluded from the MIKE 21 model 
setup. In order to avoid recalculation of the flooding parameters inside the river cells the land value 
in each MIKE 21 river cell was used. The final MIKE 21 bathymetry information within the 
definition of the above boundary conditions is shown in Fig. 8.  

3.4 MIKE FLOOD coupling model setup 

The MIKE FLOOD coupling tool was used for linking MIKE 11 and MIKE 21 (Fig. 9). The 
MIKE 11 river segment was laterally linked to the MIKE 21 floodplain area. Three hundred and 
forty-six (346) lateral segments were used for the right and left river banks, resulting in the 
improved water distribution through the two way linkage connection of the river network and the 
floodplain area. 

3.5 Agricultural flood loss estimation model setup 

The main crops in the study area are olive trees, fruit trees and complex cultivation pattern 
products (Table 1). Olive trees are the most common crop found in this area. Stage-damage curves 
for these different kinds of crops were developed as described in Dutta et al. (2003). 

More specifically, the damage to complex cultivation pattern products was estimated based on 
the stage-damage curves for green leave vegetables (Fig. 10) and the damage to arboraceous crops 
was estimated based on the stage-damage curves for dry crops, which include tree crops, (Fig. 11). 
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The stage-damage curves in Fig. 10 and 11 are approximated by the analytical expressions given by 
Eq. 8 and 9, respectively: 
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Table 1. Crops in the study area 

Olive Trees (57%) 

Fruit Trees (30%)Vegetables and 
crops 

Complex cultivation pattern products 
(13%) 

 

Figure 9. MIKE FLOOD linkage of MIKE 11 and MIKE 21 models. 
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Figure 10. Stage-damage curves for complex cultivation 
pattern crops (based on green leave vegetable damage data, 

Dutta et al., 2003). 

Figure 11. Stage-damage curves for arboraceous crops 
(based on dry crops damage data, Dutta et al., 2003). 

It should be noted that the stage-damage curves established by Dutta et al. (2003) refer to 
Japanese agricultural environments with cultivation practices different from those used in Greece. 
Moreover, the types of flooding considered are different. Therefore, the application of these stage-
damage curves to this work may have introduced uncertainty in the flood damage estimation. 
However, as the data needed to develop stage-damage curves for Greece are scarce and in some 
cases untrustworthy, these curves have been adopted in this and previous related studies (Kourgialas 
and Karatzas, 2012; Vozinaki et al., 2012). The development of stage-damage curves pertaining to 
the Greek agricultural environment and conditions is planned in future work. 

4. MODEL RESULTS 

4.1 MIKE FLOOD model results 

The February 11-12, 2003 flood event inundation simulation using the MIKE FLOOD model is 
presented in Fig. 12. Flood inundation results combined with the digitized 1 m, 2 m and 4 m 
elevation data are demonstrated at the time instant at which the floodwater depth is maximized. The 
simulation results show that the downstream part of the study area was affected more severely by 
the flood. 

The results from MIKE FLOOD along with historical data are illustrated in Fig. 13 for model 
performance validation purposes. Red dots indicate flood data reported by affected residents. These 
data were used during the MIKE FLOOD calibration process. Generally, when most of the dots fall 
within the inundated area, a better model performance is achieved. Two dots are situated in areas 
that cannot be submerged due to high altitude. These data points were not taken into account in the 
calibration procedure, since their validity is highly uncertain. Since most of the remaining reported 
flood points fall within the flooded area, the February 11-12, 2003 flood inundation simulation is in 
good agreement with the filed data. 

4.2 Agricultural flood loss model results 

From the flood damage estimates given in Eq. 6-7 and the stage-damage curves presented in 
Fig. 10-11, the total agricultural damage was estimated at 187,046 € (Table 2).  

Based on the spatial distribution of inundated agricultural areas shown in Fig. 14, the 
downstream area, where complex cultivation pattern crops are located, was affected the most. 
However, Table 2 illustrates that the olive grove loss constitutes the most significant agricultural 
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damage, for floodwater depth greater than 1 m. 
 

Figure 12. MIKE FLOOD results. 

 

Figure 13. Verification of the MIKE FLOOD results. 
 

Table 2. Total damage to crops and vegetables 

Water depth 
(m) 

Crop type 
Damage per 

unit area 
(€/ha) 

Total 
cultivation 
area (ha) 

Loss factor 
(%) 

Damage to crops 
and vegetables (€) 

Olive groves 300 9.34 50 1,401 
Fruit trees 450 8.57 50 1,928 

h<1 Complex 
cultivation 

patterns 
2,250 2.54 35 2,000 

Olive groves 31,200 8.51 50 132,756 
Fruit trees 11,700 5.89 50 34,457 

h>1 Complex 
cultivation 

patterns 
5,700 7.27 35 14,504 

Total agricultural damage (€) 187,046 

 
It should be noted that, according to the Agricultural Insurance Organization of Greece, for 

floodwater depths less than 1 m (h<1), the cost per unit weight of tree/crop should be associated 
with the product cost, whereas for depths greater than 1 m (h>1), it should be associated with the 
cost of the entire tree/plant. Apparently, high flood waves are more damaging as they can pull down 
trees and destroy the entire yield. 

5. CONCLUSIONS 

An integrated methodology for flood loss estimation at the watershed level was presented in this 
work. The one-dimensional hydraulic model MIKE 11 and the two-dimensional model MIKE 21 
were coupled by the MIKE FLOOD model in order to accurately estimate the maximum floodwater 
depth at every model grid node. The obtained results were used as input to a grid-based 
mathematical model estimating the agricultural flood loss at the northern part of the basin. The total 
agricultural flood loss was estimated at 187,046 €. Since intensive agricultural activities take place 
in the study area, flood events have a great impact. According to the results, areas along the river 
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and the downstream part of the watershed are the most prone to flooding and should receive greater 
attention when designing risk assessment techniques. 

Future plans include the development of an integrated flood loss assessment framework for 
urban environments. Further enhancement of the stage-damage curves with additional parameters, 
e.g., floodwater velocity, is also included in future plans. The application of this methodology to 
flood-prone watersheds could be a useful tool preventing future flood losses. 

 

Figure 14. Spatial distribution of inundated agricultural areas. 
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