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1. Introduction
The first step towards the sound implementation of the FLIRE Project is the
hydrological study of the study area. This study is the main deliverable of the
first implementation Action B.1 (Catchment Hydrological Modelling), the
outputs of which will be used as input in Action B.2 (Urban Flood Modelling).
Both Actions will support the development of flood hazard and flood risk maps
(Action B.3: Flood Risk Assessment), which are necessary for the design and
the operation of the Early Flood Warning System (EFWS), as described in
more detail in the submitted proposal and the individual Technical Reports
(deliverables of the Preparatory Action A.1). In the following, the procedure
and some representative results and conclusions from the hydrological
analysis are presented in brief.

During the first phase of the Project, all necessary datasets (including inter
alia topographic, hydrometeorological and land cover information, as well as
relevant information from previous studies), were collected, properly evaluated
and processed and used in the hydrological analysis. Two models were
selected to be applied for this analysis. The HEC-HMS event based
hydrological model and the MISDc continuous hydrological model.

Section 2 includes some general information for the study area. More detailed
information for the area, focusing on its current conditions in terms of
hydrometeorological regime, urbanization rate, vulnerability to floods and fires
etc. will be included in the status survey report for the area, a deliverable of
Action A.2 (Identification of the current status of the study area). Before the
application of the models, HEC-GeoHMS, which is an add-in toolbox in the
platform of ArcGIS was applied and produced necessary input for both
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hydrological models. The relevant procedure and some results are presented
in Section 3. The two selected models that were set up, calibrated and
validated are presented in Sections 4 (HEC-HMS) and 5 (MISDc). General
information for the selected models is initially presented, followed by the
components of each model, the estimation of their initial parameters and
representative results of simulated discharge timeseries. Finally, general
conclusions that are drawn from the results, as well as next steps towards a
more representative simulation for the response of the catchment are
presented in Section 6.

2. Information for the study area
The study area of the FLIRE Project is Rafina catchment, a periurban area in
the greater southeast Mesogeia region in Eastern Attica, Greece.

2.1

Topographic characteristics

The area covers 123 km2 and geographically extends east of Ymittos
mountain to the coastline of Evoikos Gulf. The mean altitude of this region is
approximately 227m, with the maximum value being 909m and the minimum
0m (picture 1). Regarding the ground slope, it ranges from 0% to 37.8% and
the mean value is estimated to 7.5 %. Increased slopes refer mainly to the
upstream parts of the area and are clustered at its north part. In the following
figure, the DEM (Digital Elevation Model) of Attica region and the boundary of
the study area (marked with blue solid line) is presented.
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Figure 1: The DEM of Attica region and the boundaries of the study area.

2.2

Hydrometeorological regime

Attica has a typical subtropical Mediterranean climate, with prolonged hot and
dry summers succeeded by considerably mild and wet winters. The mean
annual precipitation is approximately 400mm, while snowfall is rare. The
drought period usually begins in May and lasts until October. The daily mean
temperature is ranges between 27°C during the summer months and 11°C
during the winter months (Papathanasiou et al., 2013, HNMS, 2013). During
the period 1950–60, the mean annual temperature of East Attica was
estimated to be 17.9 °C, the mean annual precipitation 537 mm and the
evapotranspiration 344 mm, a value that reached 64% of the total precipitation
(Mariolakos I. et al., 1974).
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2.3

Geological characteristics of the area

Geologically, the study area is part of the Attico–Cycladic Massif. Two main
units dominate in the geological structure of Attica: (a) the crystalline
basement (Palaeozoic–Upper Cretaceous), and (b) the Neogene–Quaternary
clastic deposits. The basement consists of schists and carbonate rocks. The
Neogene and Quaternary deposits fill up both the degradations and tectonic
grabens of the East Attica basin and consist of marly limestones, marls, clays,
sandstones, conglomerates and other coarse, unconsolidated sediments
(Jacobshagen V., (1986), Katsikatsos G., (1992)). The greater area presents
neogene sediments and the thickness of these deposits in the northern part
of the study area exceeds 150 m, and is estimated at about 80 m in the
central part, decreasing towards the schists. The Mio-Pliocene deposits are
characterized by the presence of lignite in the upper parts. The thickness of
the lignite-bearing layers is approximately 6 m to the west of Rafina (Marinos
G., 1955). Schists, phyllites, limestones and crystalline marbles of Upper
Cretaceous age occur in the southern part of the study area. According to
oral information from borehole owners, deep drillings in the northern and
eastern parts of the Spata basin also show the presence of lignite layers.

Tectonically, the entire region is controlled by a fault system with predominate
east–northeast and west–northwest directions. The formation of the Mesogea
tectonic graben is a result of the northeast–southwest faulting, whereas the
Ymittos mountain marble massif tectonically controls the western part of the
basin. The central part of the basin is highly affected by the great pre-alpine
syncline fold of northeast–southwest direction and definitely formed by the
post-alpine faulting.
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2.4

Land use and demographic characteristics

Rafina catchment is covered by different and often conflicting land uses. More
specifically, it includes forests (~30%), arable soils and grasslands (~50%)
mainly located upstream and urban cells (~20%) located downstream
(Alonistioti D., 2011). A land cover map of the area for 2009, as provided by
FORTH (process of Landsat satellite image with 30m resolution) is presented
in Figure 2.

Figure 2: A land cover map for the study area for 2009.

The land cover properties of the study area are constantly changing, and a
main reason for this is the increased urbanization rate of the area, especially
during the last 30 years. Based on demographic data for the Eastern Attica
region, a significant increase in the population of the area at the main
settlements has been recorded. For Pikermi community this increase was
estimated up to 419.36% from 1971 to 2007, while for Drafi and Rafina
communities the increase in the population for the period between 1971 and
2001 was estimated up to 79.27% and 8.30% respectively. Additionally, great
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scale public works have being constructed in the area especially during the
last decade. The construction of the new national airport of Athens in Spata
and major roads, such as the Attiki Odos motorway, which connect the
southeast Attiki area with the rest of the Prefecture and the business centre of
Athens, as well as the developing Rafina port can be classified among the
most important recent public works in the area. Such works contribute not only
to land cover change, but also to a significant increase in the private building
activity in the area (Papathanasiou C., 2011).

In general, and as concluded from the previous Sections, the study area is
under constantly increasing urbanization, its northern part is forested with
flammable material, sediment load transfer and soil erodibility are intense
(Papathanasiou C. et al., 2009 and 2012) and the existing hydraulic works
seem to be inadequate to release flash floods (Giakoumakis S., 2000).
Therefore, the study area is particularly prone to both flash floods and forest
fires and also vulnerable to their combined impact. This fact makes the
accurate simulation of its hydrological behaviour a task of high priority and
such an accurate simulation can be based on the results of the current study.

2.5

Hydrometeorological

monitoring

networks

in

Rafina catchment
The Laboratory of Hydrology and Water Resources Management of the
School of Civil Engineers of NTUA operates the Hydrological Observatory of
Athens (HOA), a dense monitoring hydrometeorological network in the greater
Athens area. HOA is the evolution from the METEONET network that
operates since 2005 and consists of 13 active meteorological stations and 4
active flow measuring stations, properly located in the area. The stations are
equipped with sensors that measure with 10min temporal resolution
environmental parameters of hydrometeorological interest, which include inter
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alia water levels, rainfall, temperature, relative humidity, evaporation, air
pressure, solar radiation, sunshine duration, wind direction and velocity etc.
(Papathanasiou C. et al., 2013, https://hoa.ntua.gr). Parallel to that, NOA also
operates a dense meteorological network in the greater Athens area records
valuable meteorological information also in 10min temporal resolution (NOA,
2012, www.meteo.gr/meteosearch).
For the hydrological analysis of the study area, necessary datasets,
meteorological and hydrological, were retrieved from representative stations
of both networks. The criteria for the selection of the meteorological stations
were their representativeness (considering proximity, hydromorphological
conditions and typical weather systems for the area) and the existence of long
and reliable historic timeseries for them.

Particularly for meteorological datasets, apart from stations installed within the
boundaries of the study area, also stations installed close to the area were
identified and their datasets were analyzed. In the end, temperature and soil
moisture datasets from stations beyond the boundary of the basin were used
(only for MISDc model, as described in Section 5). Regarding rainfall
datasets, the selected raingauges are all installed in the study area. Finally,
the 4 active stream flow gauges of HOA are all installed and evenly distributed
in the study area and the corresponding datasets were retrieved for the
analysis. More specifically, these stations are Spata, Drafi, Rafina and
Rafina2. The sites where these stations are installed were used as the outlets
of 4 individual subbasins that were defined for the hydrological analysis, as
described in more detail in Section 3.2.3.

The locations of HOA and NOA stations that were used for the hydrological
study are presented in Figure 3.
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Figure 3: The locations of meteorological and flow measurement stations used
in the study.

3. HEC-GeoHMS
3.1

General information for HEC-GeoHMS

HEC-GeoHMS is a geospatial hydrology tool. It operates in GIS environment,
as an extension of ArcGIS. For the current study, the versions that were used
are HEC-GeoHMS 5.0 and ArcGIS 9.3. The HEC-GeoHMS is used for the
creation of backround map files, basin models files, meteorogical model files
that can be later imported in HEC-HMS to develop a hydrologic model.

The basin model file includes the subbasins that need to be properly selected,
as well as other hydrologic parameters that may be estimated using
geospatial data. To this end, HEC-GeoHMS generates tables that are
populated with physical characteristics of streams and watersheds. In general,
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the user can visualize spatial information, edit watershed characteristics,
perform spatial analysis, delineate subbasins and streams, develop inputs for
hydrologic models and extract necessary hydrological information for the
catchment (USACE, 2010a).

In this study, HEC-GeoHMS was applied for the creation of background map
files and the basin model file, while the meteorological model was developed
in the HEC-HMS environment as described in detail in Section 4.2.5.

3.2

Application of HEC-GeoHMS for the study area

In order to apply HEC-GeoHMS for the study area, the procedure described in
brief in this Section was adopted.

The initial input required from HEC-GeoHMS is the Digital Elevation Model
(DEM). An updated version of the DEM of the area was finalized by FORTH
and was used for this study. The coordination system that was finally adopted
was EGSA87. A mask was created so as to surround the study area and the
DEM was cut to the boundaries of this mask. All calculations that follow were
performed in this mask and finally, the exact boundaries of the catchment
were produced.

The standard procedure for the application of HEC-GeoHMS for the
development of the basin model file includes the running of 6 modules in
ArcGIS. These modules include Terrain Preprocessing, HMS Project Setup,
Basin Processing, Basin Characteristics, Hydrologic Parameters and HMS
and their running performs successive tasks in a step-by-step way.
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3.2.1 Terrain Preprocessing
The geomorphological analysis of DEM is accomplished through the module
Terrain Preprocessing. A terrain model is used as an input to derive a final
stream and subbasin delineation. Especially, this process is consisted of 9
steps. The first one is „Fill Sinks‟ that concerns the DEM. The next four are
„Flow

Direction‟,

„Flow

Accumulation‟,

„Stream

Definition‟,

„Stream

Segmentation‟. All these steps concern stream delineation. In this study a
threshold of 5000 cells is set in „Stream Definition‟ to define stream. The next
two steps concern the subbasin delineation and they are „Catchment Grid
Delineation‟ and „Catchment Polygon Processing. The last two steps are
„Drainage Line Processing‟ and „Adjoint Catchment Processing‟ and concern
the final stream and subbasin definition.

3.2.2 HMS Project Setup
After that the user needs to define in detail the study area and develop input
files for HEC-HMS project. To this end, a new project has to start through the
module “HMS Project setup”, so that a directory for the extracted data will be
created. Next step is the definition of a project point. This point is situated at
the downstream outlet. After defining the downstream outlet, a tool named
„Generate Project‟ is applied, and the area upstream the outlet is defined.
Necessary data for the drainage area are extracted from the “Terrain
Preprocessing” and a Project for the study area is created.

3.2.3 Basin Processing
After completing the „Terrain Preprocessing‟ and a new project has been
created, the „Basin Processing‟ menu is used to revise the basins
delineations. In this module, there is a possibility to divide or to merge the
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subbasins. Regarding, the current study, a division of the subbasins occurs in
the first step. Specifically, new subbasins are created upstream the locations
where flowgauges of HOA exist and upstream the downstream outlet of the
study area (the location where the river drains to the sea). These are the
locations that are interesting for the current hydrological analysis. After this
step, multiple subbasins are merged using the tool „Basin Merge‟. By that way,
the whole basin is divided into 5 subbasins (4 upstream the flowgauges and 1
upstream the outlet).

3.2.4 Basin Characteristics
HEC-GeoHMS

offers

the

option

to

compute

several

topographic

characteristics of streams and subbasins that can be used for estimating
hydrologic parameters. „Basin Characteristics‟ module is used for extracting
these characteristics, which are river length, river slope, basin slope, longest
flow path, basin centroid, centroid elevation and centroidal flow path.The
values of these parameters populate the attribute tables of the stream and
subbasin layers and the user has the option to export them, when needed.

3.2.5 Hydrologic Parameters
After the physical characteristics of streams and subbasins have been
extracted, the next step is the definition of the hydrologic parameters. Several
tools are available for this purpose, one of which is HMS processes. In the
current study this process is accomplished exclusively in HEC-HMS. The tools
“River Auto Name” and “Basin Auto Name” were applied in order to name in
sequence from upstream to downstream the river and the subbasins
respectively. This procedure is necessary for the creation of the final output
files for HEC-HMS.
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3.2.6 HMS
In “HMS” module HEC-GeoHMS creates the final input for the HEC-HMS
through a series of tools that may be applied to generate HEC-HMS model
files. Initially, the tool „Map to HMS Units‟ that converts the physical
characteristics to user-selected unit system (SI in our case) is used. The next
tool, “Check data”, checks the datasets for consistency. After these, a HMS
basin schematic is created, which shows the connectivity of the elements in
the basin. In the created HMS Nodes and Link layers, coordinates are added
using the tool “Add Coordinates”. Finally, a tool prepares all the necessary
data for the creation of the export file. A Background Shape File, which
captures the geographic information and a Basin Model File, which contains
the hydrologic parameters are exported.

The river catchment of Rafina that resulted from this analysis extended over
123.01 km2.The subbasins that were produced by HEC-GeoHMS are
presented in the following Figure 4, while Table 1 is populated with typical
topographic features for each subbasin.
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Figure 4: The 5 subbasins of the study area and its hydrographic network,
drawn on its DEM.

Table 1: Typical topographic characteristics of the subbasins of the catchment
Area

Mean Slope

[km2]

(Basin Slope)

W1546

17.54

16.95

Spata

W1799

23.68

6.17

Rafina

W1502

68.45

7.60

Rafina2

W1634

11.44

11.73

Urban

W1689

1.90

6.71

Subbasin name

Subbasin ID

Drafi
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4. The HEC-HMS hydrological model
4.1

General information for HEC-HMS

The software that is used for the hydrologic simulation is HEC-HMS and
especially the version HEC-HMS 3.5 (USACE, 2010b). It is a product of the
Hydrologic Engineering Center within the U.S Army Corps of Engineers
(USACE). HEC-HMS is open source software that can be freely downloaded
from the website of USACE (http://www.hec.usace.army.mil/software/hechms/). HEC-HMS is designed to simulate the precipitation-runoff processes of
watershed systems. This model offers the option to import a geographical file
with the study area, its subbasins and their properties that is created in GIS
environment. As presented in the previous Section, this option was chosen for
the current study, where the extension HEC-GeoHMS was used in ArcGIS 9.3
for the definition of the subbasins of the catchment and the estimation of their
characteristics (area, river network, subbasin slopes etc.).

4.2

Components of HEC-HMS

The analysis is based on formulation of models for the computation of the
following hydrological parameters: hydrological loss, direct runoff, baseflow
and channel flow routing. Once the methods for those models are selected, a
meteorological model and a control specifications manager are designed.
Then, a list of representative events is drawn and these events are simulated
by the model. Some events need to be used for calibration and the rest of
them for validation purposes. In order to compute each one of the above
mentioned models, the user may choose between a wide range of relevant
options. The main criteria for the selection of the appropriate method for each
model are the availability of data required by each method and the experience
LIFE11 ENV GR 975
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of the modeler, based on which the modeler may exclude some methods for
specific applications. In the following sections, indicative methods for each
model are included; while the adopted methods for the current study are
presented in more detail.

4.2.1 Hydrological loss
Hydrological losses include inter alia infiltration, subsurface loss, retention etc.
All these processes and their interaction are simulating in a unified way by
HEC-HMS through a “loss method” that needs to be defined for every
subbasin. HEC-HMS provides several loss methods. Some of the methods
are designed for simulating events while others are intended for continuous
simulation.
The method adopted in the current study is SCS Curve Number Loss. In
particular, this method computes incremental precipitation during a storm by
recalculating the infiltration volume at the end of each time interval. For the
application of this method it is necessary to define some parameters. The first
one is the initial abstraction. This parameter is optional. In case the user
leaves it „blank‟, it is automatically calculated as 0.2 times the potential
retention, which is calculated from the curve number. The second parameter
is the Curve Number (CN) that quantifies the impact of soil properties and
land use in the subbasin. The last one is imperviousness. This percentage
can be adjusted to the CN parameter or can be calculated separately. In the
current study the percentage of impervious is included in the estimation of CN
parameter.

4.2.2 Direct runoff
The

calculations

for

direct

surface

runoff

are

performed

using

a

“transformation method”. A total of seven different transform methods are
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provided. Three of them were tested for this study, aiming to achieve best
results. These methods are presented below.
The first approach was the application of the SCS Unit Hydrograph method as
a transform method. In this case, the hydrograph is scaled by the lag time to
produce unit hydrograph. So, the only thing that‟s necessary to be completed
in this method, is Lag Time.
The second tested transform method was the

User-Specified Unit

Hydrograph, according to which the user has the opportunity to create a unit
hydrograph using any way. Particularly for this study, a modified Unit
Hydrograph of the British Hydrological Institute was tested. The modification
had to do strictly with its time step (the UH was adjusted to the 10 min time
step).
Both of the previous mentioned methods provided poor simulation results for
the current study and for this reason a third methodology for the estimation of
the direct runoff, the Snyder‟s synthetic unit hydrograph, was tested.
According to Snyder the unit hydrograph at the outlet of a (sub)basin can be
estimated, in the absence of relevant measurements, based on the area, the
shape and the topography of the (sub)basin, the slopes and the density of the
river network and the storage capacity of the river network. To define this
method, lag time (hr) and peaking coefficient are computed. The value of
peaking coefficient ranges from 0.4 to 0.8 and it is estimated using the best
judgement of the user accord to the watershed physical features. This method
provided far better results and was finally adopted for the study.

4.2.3 Base flow
Base flow method is used for the estimation of the subsurface processes.
HEC-HMS provides four different methods. Some of them are suitable for
simulating events while others are better for continuous simulation.
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The method that was adopted in the current study for the estimation of the
contribution of baseflow to the subbasin outflow was recession baseflow
method; a method intended for event simulation. At first, initial discharge type
needs to be defined. There are two options, initial discharge and initial
discharge per area. The first was selected. The other parameters that have to
be estimated for this option is the initial discharge, which is the initial baseflow
as a discharge, the recession constant that describes the rate at which
baseflow recedes and the threshold type that is the method determining how
to reset the baseflow during the event.

4.2.4 Channel flow routing
Channel flow routing is applied to reach elements that represent stream
segments. Six different methods are available to define channel flow routing.
Each of these methods included in the model provides a different level of
detail and not all methods are equally adept to represent a particular stream.
In the current study, the Muskingum method was applied. For this method,
travel time through the reach (Muskingum K (hr)), the weighting between
inflow and outflow influence (Muskingum X), and the number of subreaches
need to be imported. Regarding the parameter Muskingum X, it ranges from 0
to 0.5. The value 0 corresponds to maximum attenuation, while the value 0.5
corresponds to no attenuation.

4.2.5 Meteorological model
Meteorological model is one of the main components of HEC-HMS. Its
purpose is to prepare meteorologic boundary conditions for subbasins. There
are many methods to define the meteorological model. The one selected for
this study is the precipitation method. Any basin model that contains at least
one subbasin can only be used in a simulation with a meteorologic model that
includes a precipitation method. Particularly for the study, the Gage Weights
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method is adopted. These weights were calculated using Thiessen Polygons,
as described below.

Aiming to achieve more representativeness, the Thiessen methodology for
division of the study area into surfaces of equal impact was adopted. More
specifically, given the locations of the raingauges, the river basin is divided
into several Thiessen polygons that represent the polygons of impact of each
station and a weight was attributed to each polygon. Following that, the total
rainfall in each subbasin for each event can be calculated as a sum of the
rainfall recorded by the representative for the subbasin stations, distributed
proportionally, according to their impact (weight). It has to be mentioned that
the impact of stations that had too small weights (i.e. below a threshold of
0.01) was ignored. The weight of these stations was considered as equal to
zero and was added to the weight of an adjacent and more representative
station. Based on this logical assumption, the weights of impact of each
raingauge station to each subbasin are presented in the following Section.
The procedure was performed in GIS environment using ArcMap 9.3.

After the creation of the meteorological model, the rainfall timeseries can be
imported either manually or by means of a DSS file that the user has the
option to create. HEC-DSSVue is available for the creation of these files. DSS
files give the opportunity to plot, tabulate, edit and process data. Also, the
graphics produced by HEC-DSSVue are highly customizable and can be
saved in various formats.

4.2.6 Control specifications manager
The final step is the creation of a simulation time window, referred as “control
specification manager”. In this window, the time span and the time interval are
set. There is the possibility to have several simulation time windows by adding
new ones or copying the already existing ones.
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4.3

Estimation of initial values of parameters

The methods that were selected for the independent modules of HEC-HMS
are described in Section 4.2. The initial values that were used for each one of
the hydrological parameters are presented in the following Table.

Table 2: The values of the parameters that were used for the initial
simulations

Loss (SCS Curve Number)
CN

W15020
W17990
W15460
W16890
W16340

50
50
40
75
50

Initial
Abstraction
(mm)
5
5
7
5
5

Transform
(Snyder UH)
lag time

Cp

7.865
5.575
4.36
2.67
4.847

0.55
0.45
0.74
0.5
0.6

Recession Baseflow
Recession
Constant

W15020

Initial
Discharge
(m3/s)
0.668

W17990

0.2

0.06

W15460

0.05

0.8

W16890

0.668

0.5

W16340

0.5

0.06

0.5

Threshold Type

Ratio to
Peak
Threshold
Discharge
Threshold
Discharge
Ratio to
Peak
Ratio to
Peak

0.3
0.03(m3/s)
0.05(m3/s)
0.3
0.03

Muskingum Routing
Reach1
Reach2
Reach3
Reach4

K (HR)
2
2.5
0.6
0.7

X
0.2
0.35
0.25
0.25
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Subreaches
6
15
4
5

As far as the meteorological model is concerned, 9 raingauges (4 operated by
HOA and 5 operated by NOA) were initially identified as more representative
of the meteorological regime of the study area. However, 5 stations were
finally selected for the hydrological analysis (3 operated by HOA and 2 by
NOA) and as presented above, the corresponding Thiessen polygons were
estimated in GIS environment for each one of those. One NOA station, Nea
Makri station, was excluded from the analysis for reasons of consistency
between HEC-HMS and MISDc, since long timeseries were necessary for the
continuous model and the stations is not active for a long period. Three more
stations were excluded because the corresponding Thiessen polygons had
trivial surface and were ignored (also mentioned in Section 4.2.5). Therefore,
for the analysis with the HEC-HMS model the Pikermi, Agios Nikolaos, Bala
(HOA network) and Kantza and Spata (NOA network) meteorological stations
were used. The corresponding Thiessen weights for these stations are
presented in the following Table.

Table 3: The Thiessen weights for every raingauge and each subbasin.
Kantza

Spata

Pikermi

R400

R600

(NOA)

(NOA)

(HOA)

(HOA)

(HOA)

W15020

0.079

0.289

0.411

0.208

0.013

W15460

-

-

0.077

0.676

0.247

W16340

-

-

0.664

0.204

0.132

W16890

-

-

1.000

-

-

W17990

0.869

-

-

0.131

-
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Events
Rainfall timeseries were collected for the period between autumn 2009 and
winter 2012-2013. Six significant events were identified in these datasets and
used for the simulations.

The criteria for the selection of these events were:
1. the fact that they covered a wide range of conditions (high total rainfall
or high intensity during an event or low intensity with increased duration
of rainfall etc.)
2. the specific time period that was covered (in 2009 a significant fire
event destroyed part of the area and the simulation of the post-fire
hydrological response of the catchment is thus quite interesting)
3. the availability of reliable datasets from all stations for this period

Four events were used for model calibration and two for model validation.
The selected events are listed in the following Table.

Table 4: The events that were used for simulations.

Event

Duration of the event
[hr]

Max intensity of
the event in

Used for

Attica [mm/hr]

29-31/12/2012

42

42

03-05/02/2011

12.5

18

26-29/04/2011

17

12

22-24/12/2011

49

36

10-12/12/2009

12

12

19-23/11/2012

31.5

36

Calibration

Validation

The initial values for the parameters, as mentioned above, as well as properly
processed rainfall timeseries for the selected events, with 10min temporal
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resolution, were imported in the model and the first simulations were
produced.

In order to calibrate those simulations, observed flows were necessary. To
this end, observed water level flows that were available from HOA were
properly processed so as to produce discharge timeseries of observed flows.
More specifically, apart from water levels recorded by automatic stream flow
gauges, water velocity and water level was sporadically measured. These
measurements were available for three locations where flow gauges are
installed: Drafi, Rafina and Rafina2 and were used for the development of Q-S
curves for these locations. The Q-S curves for each subbasin upstream the 3
mentioned above locations are presented in the following Table.

Table 5: The Q-S curves used for each one of the 3 subbasins.
Subbasin Subbasin

Q-S curve

name

ID

Drafi

W1546

Q=6.0393*S2.0624

Rafina

W1502

Q=27.842*S2.1402

Rafina2

W1634

Q=4.2676*S1.2067

However, the measurements corresponded exclusively to low flows and in
order to have a Q-S relationship for high flows, the Manning equation was
exploited. Based on geomorphologic characteristics of the area and
experience gained from relevant previous work (Alonistioti D., 2011, Pagana
V., 2012 and Papathanasiou C. 2012), appropriate values for slope and
roughness coefficient, different for each subbasin, were used. The values
used for slope and roughness coefficient in Manning equation for each
subbasin upstream the 3 mentioned above locations are presented in the
following Table.
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Table 6: The values of slope and roughness coefficient used in Manning
equation.
Subbasin Subbasin

Slope

Roughness

name

ID

coefficient

Drafi

W1546

0.02

0.05

Rafina

W1502

0.0015

0.035

Rafina2

W1634

0.0014

0.025

Aiming to be more realistic, different thresholds that defined “low” and “high”
water levels were set for each station, while linear interpolation was used for
intermediate water levels.

This empirical approach provided realistic estimations of discharges from
water levels, in terms of peak and low flows and discharge volumes. The
corresponding relationships for each station and different water levels were
applied on timeseries of water levels recorded by the automatic stream flow
gauges. By that way, discharge timeseries were obtained and were imported
in both hydrological models as “observed” discharge timeseries (also with
10min temporal resolution), in order to be compared with the simulated
discharges. Indicative results from HEC-HMS simulations are presented in the
following Section.

4.4

HEC-HMS results

Simulation runs were performed by HEC-HMS for the selected events. The
outputs of the model were flood hydrographs at the outlets of each subbasin
(i.e. flood hydrographs for 5 locations – 4 at the sites of the stream flow
gauges and 1 at the outlet of the catchment to the sea). For this stage of the
hydrological study, the hydrographs that were selected to be further analyzed
refer to two of these locations, Drafi and Rafina.
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Rafina was selected for two main reasons. Firstly, this site is right upstream
the most urbanized part of the study area, so the discharges at this site are
particularly important for the urban flood modelling component of FLIRE
(Action B.2). Parallel to that, long historic water level datasets exist for this site
(the stream flow gauge was installed in this site on 15/11/2008) and this is
important for calibration purposes of the hydrological model.

Drafi was also selected for two main reasons. This site is the outlet of the
most forested subbasin of the study area, which is affected by many recent
fire events and therefore its hydrological response is critical for the EWS of
FLIRE. Furthermore, the wider area of Drafi is an area under constantly
increasing urbanization rate, particularly in the last years, so simulations for
the urban flood model need to be performed for this site as well and thus
discharge timeseries are essential for this site.

Another critical location that needs to be calibrated in the next steps of FLIRE
is Rafina2. This site refers to the downstream subbasin of Rafina and includes
urbanized regions as well. Calibration methods were also tested for this
location, however the results presented below refer to Drafi and Rafina, since
the current study focuses on these two locations (also for reasons of
conformity with the sites analyzed by MISDc model).

In the following, indicative simulation results for two events are presented. The
first event is the event of 03-05/02/2011, which was used for calibration (as
indicated in Table 4) and the second is the event of 19-23/11/2012 that was
used for validation (as also indicated in Table 4).
Rainfall event of 03-05/02/2011
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This rainfall event was used for the calibration of the model. The first graphs
presented below are the simulation results prior to the calibration, i.e. at this
stage, the values of the initial parameters are as mentioned in Section 4.3.

3

Computed Peak: 11.14m /s (4Feb 2011, 02:20)
3
Observed Peak: 24.27 m /s (3 Feb 2011, 18:20)

Figure 5: The simulated hydrograph for Drafi before calibration (for the event
of 03-05/02/2011).

3

Computed Peak: 40.2m /s (4Feb 2011, 04:20)
3
Observed Peak: 42.17 m /s (3 Feb 2011, 20:00)

Figure 6: The simulated hydrograph for Rafina before calibration (for the event
of 03-05/02/2011).
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From the comparison between the observed and the simulated flood
hydrographs for both locations, it can be concluded that the peak values are
approximately the same. However, the peak discharges occur in different
time. Also, the discharge volumes do not seem to be captured well with the
simulation. Particularly for Rafina, the simulated discharge has a greater
volume than the observed one, while for Drafi it is the observed discharge the
one that has the greater volume. It becomes thus obvious that the model
parameters need to be calibrated.
It needs to be mentioned that HEC-HMS model does not offer the option to
calibrate two or more places at the same time. This is the reason why the
automatic optimization that is incorporated in HEC-HMS was not applied and
manual calibration (including tests to modify the model parameters and
perform sensitivity analysis to the response of the model) was preferred
instead. To this end, several calibration scenarios were tested. In Section
4.4.1 the finally adopted calibration methods are described, while Section
4.4.2 that follows describes some of the other scenarios that were tested
during this study.

4.4.1 Calibration results
Initially, the parameters of the transform method (Snyder Unit Hydrograph) are
modified aiming to capture the time of the initialization of the rising limb of the
hydrograph. In particular, Lag Time is reduced and the peaking coefficient
(Cp) is increased. The reduction that was applied is not the same for all the
subbasins. The exact values of Lag Time and Cp, as resulted from the
calibration of this event, are presented in Table 7.
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Table 7: The post-calibration values for Lag Time and Cp
(calibration for the event of 03-05/02/2011).
Snyder Unit Hydrograph
Lag Time [hr] Cp
W15020
2
0.7
W17990
2
0.6
W15460
0.8
0.8
W16890
2
0.6
W16340
3
0.7
Then, the initial CN values were modified, aiming to bring the simulated peak
discharge values closer to the observed ones. Many scenarios were tested
especially for the modification in CN values, e.g. reduction by 10%, 20% and
30%. The best results were achieved through the second scenario (reduction
by 20%). It should be noted that in order to have good results for Drafi, CN
value for this subbasin needs to be increased, on the contrary to CN values
for the rest of the subbasins. The accepted values that resulted form the
calibration of this event are presented in Table 8.
Table 8: The post-calibration values for CN
(calibration for the event of 03-05/02/2011).
Loss (SCS Curve
Number)
CN
W15020
40
W17990
40
W15460
45
W16890
55
W16340
40

The post-calibration hydrographs for Rafina and Drafi for the same event are
presented in the following Figures.
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3

Computed Peak: 52.3m /s (3Feb 2011, 19:10)
3
Observed Peak: 24.27 m /s (3 Feb 2011, 18:20)

Figure 7: The simulated hydrograph for Drafi after calibration (for the event of
03-05/02/2011).

3

Computed Peak: 52.3m /s (3Feb 2011, 20:50)
3
Observed Peak: 42.17 m /s (3 Feb 2011, 20:00)

Figure 8: The simulated hydrograph for Rafina after calibration (for the event
of 03-05/02/2011).
For Drafi, the difference between the observed and the simulated flow is
significantly smaller and flow peaks are also captured better. For Rafina, the
simulated peak flow and the discharge volume are slightly bigger than the
observed ones. At this stage of the study, these results are acceptable.

The Nash-Sutcliffe (NS) model efficiency coefficient is used to assess the
predictive power of this hydrological model. In general, NS values range
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between -∞ and 1. The closer the NS value is to 1, the more accurate the
model is. Particularly for the event of 03-05/02/2011, the NS coefficient is
about 50% and 81% at Rafina and Drafi gauge respectively.

Given the fact that a simultaneous calibration for 3 sites was attempted (Drafi,
Rafina and Rafina2 (regardless of the fact that the surrent study does not
focus on Rafina2)), these results can be considered satisfactory.

4.4.2 Other calibration scenarios
As mentioned above, in order to achieve better simulation results other
calibration scenarios were also tested. These scenarios included the
calibration of other parameters and the selection of different methods for the
setting up of the model before its running. The calibration results of these
scenarios were not more satisfactory than the results of the finally adopted
calibration procedures (described above) and this is why these calibration
scenarios were not finally adopted. In the following, some of the calibration
scenarios that were tested are presented in brief.
 Transformation Method
Other Transformation Methods were tested, apart from the Snyder‟s Synthetic
Unit Hydrograph method. The User – Specified Unit Hydrograph was one of
the tested Transformation Methods and in particular a modified Unit
Hydrograph of the British Hydrological Institute was imported in the model.
The modification was restricted in that the UI was adjusted to the time step of
10 min, so as the system remains stable (Pagana V., 2012). The results of
this method were not satisfactory. The time of peak discharge is not captured
well and a big difference in the volumes of the observed and the simulated
hydrograph is observed. In the following Figure an indicative simulation result
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for Drafi is presented and proves that this method does not give better results
than the finally adopted Snyder‟s Synthetic Unit Hydrograph method.

Figure 9: Observed (black line) versus simulated (blue line) discharge for Drafi
using the User – Specified Unit Hydrograph as a transformation method.

The SCS Unit Hydrograph was another Transformation Method that was
tested. This is the simplest method available in HEC-HMS, since the only
parameter that is needed is Lag Time. To compute Lag time, concentration
time was calculated from Giandotti Equation (Equation 1).

(1),
where A: sub-basin area [km2]
L: river length [km]
DH: altitude difference between the mean altitude of the subbasin and the
altitude of the subbasin‟s exit [m]
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Lag time is calculated as the 60% of the concentration time. In the following
Table the lag time values are presented.
Table 9: The values of lag time as percentage of concentration time.
subbasin

Lag Time
[min]

w1520

258

w17990

118

w15460

103

w16890

81

w16240

109

The hydrographs of a simulated event for Rafina are presented in Figure 10.

Figure 10: Observed (black line) versus simulated (blue line) discharge for
Rafina using the SCS Unit Hydrograph as a transformation method.

The results seem to be quite satisfactory, since simulated hydrographs seem
to capture well the peak discharges and the time of their occurrence.
Nevertheless, the results of the Snyder hydrograph are equally satisfying and
this is why the initial method is finally adopted.
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 Hydrological Loss Method
Another calibration scenario that was tested concerns the Loss Method. The
method that was adopted for the computation of hydrological loss is SCS
method.

For

this

method,

initial

abstraction,

CN

parameter

and

imperviousness have to be defined. In this study, the consideration of
imperviousness was initially incorporated in the estimation of the CN
parameter. A second scenario based on a different approach was run.
Particularly, imperviousness was calculated separately, given that it can be
considered as a fixed parameter of each subbasin and not a variable. It has to
noted that HEC-HMS automatic optimization does not offer the option to
optimize

this

parameter

and

this

justifies

the

characterization

of

imperviousness as a fixed parameter. The simulated hydrographs that were
based on this scenario were not closer to the observed ones, compared to the
simulated

hydrographs

that

were

based

on

the

incorporation

of

imperviousness in the estimation of CN value. This is why the initial approach
was finally adopted.

4.4.3 Validation results
A critical procedure that follows the calibration of a model is its validation. In
this study two rainfall events are used for validation purposes (as indicated in
Table 4). Therefore, average values of the calibrated parameters are imported
in the respective HEC-HMS submodels (Transform and Loss models) and
simulated hydrographs are produced. The finally accepted values are
presented in Tables 7 and 8 below.
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Table 10: The final values for Lag Time and Cp.
Snyder Unit Hydrograph
Lag Time [hr]
Cp
W15020
2
0.4
W17990
2
0.4
W15460
1.2
0.725
W16890
2
0.525
W16340
2.6
0.55
Table 11: The final values for CN.
Loss (SCS Curve
Number)
CN
W15020
40
W17990
40
W15460
44
W16890
60
W16340
40
Simulation runs that received as input the above mentioned values of these
parameters were performed for both events used for calibration. It is clarified
here that simulations were not performed for Drafi for the event of 1012/12/2009, since the station was not installed yet at this location. Results for
the event of 19-23/11/2012 for Drafi, Rafina (and only for this event for
Rafina2) are presented in the following Figures.
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3

Computed Peak: 6.1m /s (21Nov2012, 12:40)
3
Observed Peak: 2.76m /s (21Nov2012, 11:50)

Figure 11: The simulated hydrograph for Drafi (validation for the event of 1923/11/2012).

3

Computed Peak: 14.3m /s (21Nov2012, 14:30)
3
Observed Peak: 10.11m /s (21Nov2012, 15:40)

Figure 12: The simulated hydrograph for Rafina (validation for the event of 1923/11/2012).
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3

Computed Peak: 15.8m /s (21Nov2012, 15:00)
3
Observed Peak: 10.64m /s (21Nov2012, 16:10)

Figure 13: The simulated hydrograph for Rafina2 (validation for the event of
19-23/11/2012).

The peak discharges and the total discharge volume are overestimated in the
simulation, but in general the validation results are satisfactory, since this
overestimation is not significant, while also it brings us on the safe side for an
Early Warning System.

5. The MISDc hydrological model
5.1

General information for MISDc

MISDc is a continuous rainfall-runoff model that consists of two main
components: 1) a SWB model to simulate the soil moisture temporal pattern
and 2) a semi-distributed event-based RR model (MISD) for flood simulation.
By coupling the two models through an experimentally derived relationship,
the structure of a parsimonious continuous rainfall-runoff model was derived.
It has been demonstrated in Brocca et al. (2009a) that an accurate estimation
of the AWC can provide a good simulation of the flood hydrograph even
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though a relatively simple event-based RR model is employed. Therefore, the
methodology used for MISDc structure development is based on the following
steps:
1)

An

in-depth

analysis

of

the

physical

processes

(infiltration,

evapotranspiration and drainage) involved in the SWB, by comparing different
formulations of them (Brocca L. et al., 2008). This analysis is based on the soil
moisture measurements obtained from an automatic system in a small
experimental area (1 ha).
2) An event-based RR model (MISD) implemented and tested over a large
number of flood events in several catchments. In the model, the parameter
linked to AWC was set equal to the value optimizing the direct runoff volume
reproduction.
3) Coupling of the SWB and the MISD models by exploiting the relationship
between the parameter representing the AWC in the MISD model and soil
moisture measurements (Brocca L. et al., (2009a), (2009b)). Through this
relationship the soil moisture simulated by the SWB model and the AWC to be
used in the MISD model were linked, thus providing the MISDc structure.

5.2

Components of MISDc

5.2.1 Soil Water Balance Model
The reader is referred to Brocca et al. (2008) for the full analysis of the
physical processes involved in the SWB and of the different formulations
tested.
In SWB the surface soil layer is assumed as a spatially lumped system for
which the following water content balance equation holds:
dW t  dt  f ( t )  e( t )  g( t )

W t   Wmax
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W t   Wmax
otherwise

(2)

where t is time, W(t) is the amount of water in the investigated soil layer, f(t) is
the fraction of the precipitation infiltrating into the soil, e(t) is the
evapotranspiration rate, g(t) is the drainage rate due to the interflow and/or the
deep percolation, and Wmax is the maximum water capacity of the soil layer.
The ratio W(t)/Wmax represents the degree of saturation.
The infiltration rate, f(t), is estimated by using the Green-Ampt equation:
 f t   K s 1  Wmax  Wi  F t L

 f t   r t 

f t   r t 
otherwise

(3)

where Ks is the saturated hydraulic conductivity,  is the wetting front of soil
suction head, Wi is the amount of water at the beginning of the rainfall event,
L is the thickness of the soil layer, F(t) is the cumulated infiltration depth from
the onset of the rainfall, and r(t) is the rainfall rate.

For the drainage component, the following relation is adopted (Famiglietti J.S.
et al., 1994):
g t   K s W t  Wmax 

3 2



(4)

where  is a pore size distribution index linked to the structure of the soil layer.
Evapotranspiration, which mainly controls the soil moisture temporal pattern in
periods without rainfall, is represented by a linear relation depending on the
potential evapotranspiration, ETp(t), and the soil saturation:

et   ET p t W t  Wmax

(5)

The potential evapotranspiration is computed through the empirical relation of
Blaney and Criddle as modified by (Doorenbos and Pruitt, 1977):
ET p t   2  b 0.46Ta t   8.13
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(6)

where Ta(t) is the air temperature in °C,  is the percentage of total daytime
hours for the period used (daily or monthly) out of total daytime hours of the
year (365  12) and b is a parameter to be calibrated.

The model requires as input data the meteorological variables routinely
measured (rainfall and air temperature) and incorporates only five parameters
(Wmax, Ks, /L, , b). The output of the model is the degree of saturation,
W(t)/Wmax, that is used to determine the initial conditions in MISD.

5.2.2 Semi-distributed

Event-Based

Rainfall-Runoff

Model
The

semi-distributed

event-based

rainfall–runoff

model

MISD,

firstly

developed by Corradini C. et al. (1995) is employed here. On the basis of the
drainage network and on the geomorphological, soil/land use characteristics,
a given catchment is divided into Nb elements, each one representing either a
subcatchment with outlet along the main channel or an area draining directly
into the main channel. Each element is assumed homogeneous and hence
constitutes a lumped system. In the model, the use of observed discharge
hydrograph for a subcatchment is also feasible (e.g. useful for drainage areas
subtended by dams for particular river sections), and, obviously, for this
element the RR transformation is not computed.
The version of MISD used for this study employs the Soil Conservation
Service - Curve Number method for abstraction (SCS-CN) for estimation of
losses, the geomorphological Instantaneous Unit Hydrograph (IUH) and the
linear reservoir IUH for routing of rainfall excess of subcatchments and of
areas draining directly into the main channel, respectively. Finally, the routing
along the main channel is estimated through a diffusive linear approach.
Therefore, the rainfall excess,  j(t), for the element j (j=1,...,Nb) is given by the
well-known SCS-CN formula (Chow et al., 1998):
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r j t R j t   1 S j R j t   2  1 S j 

 j t  
R j t   1  1 S j 2

 t   0
 j

R j t   1 S j

(7)

otherwise

where Rj(t) is the rainfall depth from the beginning of the storm, Sj is the soil
potential maximum retention at the beginning of the storm and 1 is the
parameter linked to the initial abstraction and assumed constant for all
elements.
The direct runoff hydrograph, Y(t), at the element outlet is given by the
convolution of (t) and the Instantaneous Unit Hydrograph, h(t), as:
t

Y ( t )  A  (  )h( t   )d

(8)

0

where  is an auxiliary variable for time and A is the element area. The
IUH is derived through the geomorphological approach, such as proposed by
Gupta et al. (1980), for subcatchments and through a linear storage approach
for the other elements. The dynamic parameter lag time, L, (assumed as the
difference between the centroids of direct runoff and effective rainfall) is given
by the empirical lag-area relationship proposed by Corradini C. et al. (1995):
L  1.19 A0.33

(9)

where L is expressed in hours and A in square kilometres;  is a
parameter to be calibrated. Finally, the direct runoff hydrograph, Q(t), at the
catchment outlet is estimated by a diffusive linear approach (Troutman B.M. et
al., 1985):
t

Q( t )    Y (  ) p( t   )d

(10)

0

with p(t) the diffusive routing function given by:
p( t ) 

 ( ct  Lc )2 
Lc
 

exp
4
Dt
2( D j t 3 )1 / 2
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(11)

where Lc is the distance between the element and catchment outlet, c is
the celerity and D the diffusivity parameter.
The model requires as input data only the rainfall and incorporates three
parameters (, c, D). The parameter S linked to the initial condition is
estimated as a function of the degree of saturation simulated by the SWB
model.

5.2.3 Experimental relationship for the Antecedent
Wetness Conditions
In order to obtain a relationship between W/Wmax and the parameter S of the
SCS-CN formula, the value of S that reproduce the direct runoff volume, and
indicated henceforth as 'observed' S, is computed for different rainfall-runoff
events. For a given catchment, assuming that the soil/land use characteristics
are constant in time, different values of the 'observed' S from storm to storm
can be assumed linked only to variations in the AWC. In particular a linear
relationship between S and the saturation degree W/Wmax is assumed for this
study

S

S s -Sr  W t  Wmax  S r

(12)

where Ss and Sr are the values of S for wet and dry conditions and represents
two parameters to be calibrated. Eq. (11) can be further simplified by setting
the parameter Ss equal to zero and assuming Sr=aWmax, yielding:
S  aWmax  W t 

(13)

where a is a parameter to be estimated.

5.2.4 Other parameters estimation
For the proposed continuous rainfall-runoff model (lumped version), 8
parameters have to be estimated, i.e., the maximum water capacity of the soil
layer, Wmax, the saturated hydraulic conductivity, Ks, the ratio between the
wetting front soil suction head and the soil layer thickness, /L, the pore size
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distribution index, , the exponent of drainage m, the correction coefficient for
potential evapotranspiration, b, the lag-area parameter, , and the parameter
a of the S versus W(t) relationship (eq. 12). It is worth noting that the
parameter /L of the infiltration component has a very low influence on model
results and, hence, it was set constant (/L=-0.22). A sensitivity analysis on
the model parameters can be found in Brocca et al. (2008) for the SWB model
and in Brocca et al. (2009a) for the lumped version of MISD. Maximization of
the Nash-Sutcliffe efficiency coefficient, NS, and minimization of the absolute
value of the percentage error on peak discharge, volume |ErrQp|, were used
as objective functions; the absolute value of the percentage error on runoff
volume, |ErrVol|, was also exploited for model evaluation.

5.3

Estimation of initial values of parameters

Precipitation
As also mentioned in Section 4.3 rainfall data – recorded with a time interval
of 10 minutes – are available for several raingauges in and around the study
area. Datasets from five stations were used for simulations with MISDc. These
stations are Penteli, Pikermi, R400 and R600 from HOA network and Kantza
and Spata from NOA network and before their exploitation, a preliminary
quality control was performed to their datasets. Particular characteristics for
these stations are presented in the following Table.

Table 12: Rain gauges stations of NTUA and NOA used in the study.
Network

HOA

Acquisitio

Raingauge

Start time

End time

Penteli

2005-11-08 00:10

2013-02-08 09:00

10 min

Pikermi

2005-12-21 00:10

2013-02-08 09:00

10 min

R400

2003-10-19 19:50

2013-01-01 00:00

10 min

LIFE11 ENV GR 975
FLIRE: Floods and fIre Risk assessment and management

n Rate

NOA

R600

2003-12-10 13:40

2013-01-01 00:00

10 min

Kantza

2008-10-26 19:20

2013-01-01 00:00

10 min

Spata

2008-12-19 13:40

2013-01-01 00:00

10 min

Temperature
Temperature data – recorded with a time interval of 10 minutes – are available
both from HOA and NOA networks. Regarding HOA network, temperature
data are available for Penteli and Pikermi stations, while for NOA data are
available for Spata.
Table shows temperature data used in the study. A preliminary quality control
has been carried out also in this case in order to remove inconsistent data and
fill in missing information.

Table 13: Temperature sensors of HOA and NOA network that were used in
the study.
Network

Temperatur

Start time

e sensor
Penteli

2005-11-08 00:10

Pikermi

2005-12-21 00:10

Spata

2008-12-19 13:40

HOA

NOA

End time
2013-02-08
09:00
2013-02-08
09:00
2013-01-01
00:00

Acquitio
n Rate
10 min

10 min

10 min

Stage and discharge
Stage data are available for Spata, Drafi, Rafina and Rafina2 from HOA
network. Stage-discharge relationships (S-Q) were developed for these sites,
as described in detail in Section 4.3. Table 14 shows characteristics of the
flow gauges used in the study.
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Table 14: Characteristics of flow gauge stations
Network

Acquition

Flow gauge

Start time

End time

Drafi

2010-12-10 16:00

2013-02-08 09:00

10 min

Rafina

2008-11-15 00:10

2013-02-08 10:00

10 min

Rafina 2

2011-12-28 16:20

2013-02-08 09:50

10 min

Spata

2003-12-10 13:40

2013-02-08 09:00

10 min

HOA

Rate

Selection of the period of analysis and of the river gauge sections
Based on the available datasets, as a first analysis, it was chosen to analyze
the longer period of time in which rainfall, temperature and stage data were
simultaneously recorded. For the reasons presented in Section 4.4, two river
sections were selected for the study: Rafina and Drafi.

Extraction of the hourly data from the datasets
As a first attempt it was chosen to analyze the catchment response at hourly
data. As a result, rainfall, temperature and discharge were appropriately
transformed in hourly based datasets.
Rainfall and temperature were simultaneously recorded for the six stations of
HOA and NOA from 2008-19-12 13:40 to 2013-01-01 00:00. Eventually, the
selected periods of analysis for the two river sections are presented in
Table 15.

Table 15: The periods of analysis for Rafina and Drafi outlet.
Outlet section

Cathcment area
[km2]

Start time

End time

Rafina

109

2008-19-12 16:00

2013-01-01 00:00

Drafi

17.6

2011-01-01 01:00

2013-01-01 01:00
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5.4

MISDc results

This section describes the results of the calibration of the model parameters
and those related to the validation. As a first attempt the MISDc was run in
lumped mode, forcing the model with one time series of catchment average
rainfall and temperature. The objective function for the calibration was set to
the Nash-Sutcliffe criterion. For the sake of model performance evaluation
also |ErrQp| and |ErrVol| were calculated.
Rafina river gauge
Figures 14 15 show the simulated soil moisture from the SWB model and
observed versus simulated discharge in calibration and in validation,
respectively. The Nash-Sutcliffe efficiency index (NS) for all the events is
about 91 in calibration and 77 in validation. |ErrQp| is about 15% while |ErrVol|
is 47% in validation.

Figure 14: Calibration results for the MISDc lumped model at Rafina river
section over the period December 2009 - December 2012. (a) simulated soil
moisure from the SWB model; (b) observed versus simulated discharge for
the sequence of the selected flood events.
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Figure 15: Validation results for the MISDc lumped model at Rafina river
section over the period December 2009 - December 2012. (a) simulated soil
moisture from the SWB model; (b) observed versus simulated discharge for
the sequence of the selected flood events.
Drafi river gauge
Figures 16 and 17 show the simulated soil moisture from the SWB model and
observed versus simulated discharge in calibration and in validation,
respectively. The Nash-Sutcliffe efficiency index (NS) for all the events is
about 88 in calibration and 73 in validation. |ErrQp| is about 1% while |ErrVol|
is 41% in validation.

LIFE11 ENV GR 975
FLIRE: Floods and fIre Risk assessment and management

Figure 16: Calibration results for the MISDc lumped model at Drafi river
section over the period January 2011 - January 2013. (a) simulated soil
moisure from the SWB model; (b) observed versus simulated discharge for
the sequence of the selected flood events.
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Figure 17: Validation results for the MISDc lumped model at Drafi river section
over the period January 2011 - January 2013. (a) simulated soil moisture from
the SWB model; (b) observed versus simulated discharge for the sequence of
the selected flood event.
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6. Conclusions and next steps
After the completion of a first hydrologic analysis of Rafina catchment, the
following conclusions – next steps for further investigation, need to be
highlighted.

Considering the complexity of the naturals systems and the limited available
hydrological measurements for high flows, a satisfactory adjustment of the
models is achieved in a challenging problem of controlling at the same time a
big number of parameters. The final values of the parameters are in general
realistic and compatible with the natural characteristics of the simulated
system.

A general conclusion that can be drawn from this study is the fact that only the
use of the hydrologic model will not suffice nor can replace the scientific
experience. The experience and critical thought of modelers need to be
combined with state-of-the-art simulation tools and efficient techniques and
methodologies in order to shape a hydrosystem in a representative way,
illustrate in the best possible way its properties and calibrate appropriately the
parameters that represent its hydrological behavior.

In order to have even more reliable simulation results, the partners involved in
the hydrological modelling component of FLIRE (i.e. NTUA and IRPI-CNR)
have agreed to further investigate some issues and test a couple of
approaches more. These issues are presented in bullets below:


First of all, a review of the Q-S curves is advisable to be performed.
The application of a hydraulic model could probably assist the
validation of modified Q-S curves.
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A readjustment of the thresholds that were set for the application
of Q-S curves, or Manning equation or linear interpolation on water
level timeseries (see also Section 4.3) could be tested.



Another issue that is proposed to be further investigated concerns
the loss method. Regarding the CN parameter that is used in HECHMS model, a more accurate estimation of its value could be
achieved after taking into consideration the previous conditions of
the upper soil layers (e.g. soil moisture) and land uses. Particularly
for land uses, the simulation events for HEC-HMS (and simulation
period for MISDc respectively) that were used for this study,
referred to the period after a significant fire event that affected the
forested land of the study area (fire event of summer 2009). The
modification of CN after fire event will be further investigated by
means of simulating flood events prior to this fire event. The
incorporation of the “imperviousness” parameter in the estimation of
CN could also be further investigated (see also Sections 4.2.1 and
4.4.2).



Finally, new simulation runs, using older events (prior to the forest
fire of 2009) as well as new events (events that occurred after the
simulation period that was tested for this study) will also support a
more accurate parameterization of characteristics of the catchment
(other than CN values) that are simulated by hydrological models.

These approaches will be investigated in the upcoming period and the final
version of a calibrated hydrological model will be used in the next steps of
FLIRE, which include the running of synthetic timeseries and its coupling with
the urban flood model.
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