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1 Summary
The key objective of Action C.2 is the monitoring of the Project impact on the
targeted environmental problems (floods, fires and their combined impact on
human population and ecosystems) during the implementation phase as well
as for a five years period after the end of the project.
The activities undertaken by IRPI for Action C.2 from the beginning of the
project can be summarized in two parts. The first part has concerned the initial
implementation of the activities from October 2012 to April 2013. The second
part has started after April 2013 and is still ongoing.
During the first part, appropriate environmental indicators have been identified
and further analysed. These indicators were selected in order to quantify
features of the environment that are of relevance with the balanced
functioning of ecosystems, while being at the same time representative of
other dependent features and sensitive to changes caused by the application
of the proposed tools in the study area.
Initially, three categories of indicators were identified on their relevance for
flood and fires. In particular, the indicators refer to: i) fire risk assessment and
management, ii) flood risk assessment and management and iii) the tools
proposed and developed during the project activities.
During the implementation of the first part of Action C.2, two categories were
analyzed in detail while the latter category was assumed relevant only after
the project implementation. Some general problems arose mainly due to the
two following issues:
1. Certain selected indicators were very difficult to retrieve or even
impossible thus determining some difficulties to perform quantitative
analyses (e.g. water quality indicators like BOD, fertility land reduction,

5

number of pollutant sources affected by floods, stagnant water
extension and biodiversity indicators). When some quantification was
present, it was fragmented and only related to different period of study.
Moreover, it does not exist a regular monitoring by a specific competent
authority for some of them. For these reasons, it was realized that the
evaluation of the impact of the project based on these data, other than
difficult, could be dangerous since their use can significantly bias the
results.
In particular, the problems encountered for each of the indicator removed
are listed below:
a) water quality indicators. Although several attempts were made to
retrieve information about the water quality of the Rafina river only
qualitative and fragmented information was gathered from River Basin
Management Plan of Attica. In particular, IRPI-CNR contacted the ‘Special
Secretariat for Water’ that is the responsible body into the Greek ‘Ministry
of Environmental, Energy and Climate Change’ for water management.
Only annual reports on ‘bathing water quality in Greece’ were obtained for
the years 2010 and 2011. It seems that does not exist a continuous

monitoring of pollutant species and biochemical oxygen demand. For this
reason, the indicator was abandoned.
b) fertility land reduction. NTUA communicated with relevant authorities
from the Greek Ministry of Agriculture in order to retrieve information for
the collection of the relevant datasets. However, the Ministry does not
collect these datasets and any possible information may only be sought for
through records of crop yield that are kept by local authorities in the areas
of interest. However, these data are not official and highly fragmented thus
it was decided to abandon the indicator.
c) Number of pollutant sources affected by floods. Like water quality
indicators, only qualitative and fragmented information exists. This makes
very difficult to relate this indicator with the flood information in the area
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both for the past and the future period. For this reason the indicator has
been removed.
d) stagnant water extension. It seems competent authorities do not
retrieve data of this type. In addition, the attempt to use satellite data
seems difficult due to the small extent of the flooded areas of the Rafina
river with respect the resolution of the state-of-the-art satellites used for
retrieving flood extension maps.
e) Indicators of biological diversity. The information about the species
present in the area is only qualitative and the number of species seems
not regularly monitored. Moreover, although a number of plants and
animals has been supplied by the Union for the Protection and
Development of Hymettus Mountain (SPAY). SPAY (www.spay.gr), the
information refers to an area which is much larger than Rafina catchment
(i.e. Attica). For the above reasons such an indicator has been removed.
2. It was recognized that the project does not per se affect the
environment since there is not a direct link between the tools the
project aims to develop and the environment problems targeted.
To overcome the above mentioned problems, it was proposed to focus the
attention more on stakeholder-oriented indicators and to reduce their number
to those that can be effectively measured in order to better quantifying the
impact of the project on the environmental problem targeted. Accordingly,
Action C.2 was reformulated by focusing only on the indicators that can be
regularly and reliably monitored (see Table 1 ).
This report is an update of the first report foreseen for this action. It clearly
specifies which indicators are now monitored and how. Although the originally
proposed indicators presented some issues, it was decided to keep their
assessment in this report since they certainly provide useful information about
the study area and its evolution once (possibly) -- in the future – they will be
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again available. The report also tries to fill the gap between the first and future
reports of Action C.2. (see

Table 2).
In summary, in this report the following three points are discussed in details:
1. only some of the original selected indicators are now taken into
account. All of them can be regularly monitored and quantified.
Therefore, they are considered in order to have an objective picture of
the changes in the environment.
2. Four questions (number 12, 13, 16 and 17) of the recent questionnaire
planned for Action C1 were identified as questions relevant to evaluate
the potential effect of the application of the project tools on the
environment and will be used to assess the potential impact of the
project on the area in terms of possible application of the FLIRE
measures.
3. Two indicators have been selected for evaluating the performance of
the proposed tools based also on past fire and floods events. These
two indicators are very helpful to assess the potential impact of the
project on the environmental problem targeted.
The new set of indicators is shown in Table 1.
Table 1: Indicators that will be used for the future assessment of the project impact on the
study area.
Indicators

Original

Data source

Forested land area

Yes

From ALGO System

Forested land area affected by fire

Yes

From ALGO System

Stream peak discharge

Yes

From HOA
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Watershed lag time

Yes

From HOA

Air quality

Yes

From International Airport
of Athens

Temperature variations

Yes

From HOA

# of competent authorities interested on FLIRE
measures

New

From the questionnaire for
stakeholders

# of measures suggested by the FLIRE Project
examined and/or adopted by competent
stakeholders

Yes

From the questionnaire for
stakeholders

% of forest fires whose propagation was correctly
forecasted by the developed tools

Yes

From the implementation of
the DSS tool

% of floods correctly forecasted by the developed
tools.

Yes

From the implementation of
the DSS tool

Table 2: summary of the report foreseen for Action C.2
Report

1

2

3

4

Environmental
status at the
beginning of the
project

Report on
environmental
evolution of the
area

Report on
environmental
evolution of the
area

Final report with
goals on problem
targeted

Yes

No

Yes

Yes

Deadline

April 2013

June 2014

April 2015

Status

Completed

On going

To be started

Task

In the list of
the derivable

September
2015
To be started

The development of the activities proposed within Action C.2 mainly depends
on the availability of data and information required for the assessment of the
identified environmental indicators. This is the main constraint that could have
negative impacts on the successful implementation of the action.
In this report we will explicitly distinguish between the new set of indicators
and the one originally proposed. The distinction will be carried by
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appropriately separate the sections which point to the new indicators and
those which do not.

2 Analysis of the indicators
2.1

Indicators relevant to fire and flood risk assessment and
management (currently monitored)

Forested landed area

Forests support a variety of species of plants and animals, have a significant
role in protecting water quality and also affect air quality. Therefore, an
assessment of the area covered by forests repeated after fire events or at
least annually is foreseen to take place and will be considered as an indicator
of the environmental status of the study area and the impacts of the Project on
it. Rafina catchment is covered by different and often conflicting land uses.
Forests interests about 30% of the catchment, while arable soils and
grasslands are about 50% mainly located upstream. Urban cells cover 20%
and are 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 1.

Figure 1: Land cover map for the study area for 2009.

The “Technical Report on Forest fuel map foreseen for Action A.2. may
indirectly provide a source of information of the forested areas. It stated that
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five of the seven Prometheus Fuel Types are present in the area (see Figure
2), while the majority of the area is covered by agriculture and settlements.
Namely, the following Prometheus Fuel Types appear in the forested areas:
 Fuel Type 2 (Surface fuels), which is present on the northern part of the area
 Fuel Type 3 (Medium height shurbs), which covers a significant area on the
northern part of the basin
 Fuel Type 4 (Tall shurbs), which represents mostly a continuous area with
the surrounding forested area on the northern part
 Forest type 6 (Tree stand with clean surface), which covers mostly a
relatively small part on the southern part
 Forest type 7 (Tree stand with heavy surface fuels) which occurs in the
boundaries of the area which were not burned during the large fires in 1995
and 1998.

Figure 2: Final FLIRE map using PROMETHUS fuel scheme
(derived by the Forest fuel map report foreseen for action A2)

As reported in the Action B.1 report, 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 et al.,
2009 and 2012) and the existing hydraulic works seem to be inadequate to
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convey 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 behavior a task of high priority and such an accurate simulation
can be based on the results of the current study.
Forested landed area affected by fire

Due to the emission of greenhouse gases and changes in land uses and soil
permeability after forest fires, the assessment of the burnt area after fire
events or at least annually is foreseen and is considered a relevant indicator.
Previous fires data for the period 2000-2012, is provided by ALGO in shape
file (ArcGIS) format. The previous fires map is presented in Figure 3: Forest
fires for the period 2000-2012 provided by ALGO.

Figure 3: Forest fires for the period 2000-2012 provided by ALGO.

As it can be seen, a number of large fires affected the area within the last
years. Information about perimeter, burned area and historical data such as
the type of vegetation affected by fires, is available but still needs corrections
and validation. The same apply for other specific data (i.e. evolution of the
fire) for the most important forest fire in the area (summer 2009).
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Air quality

Carbon monoxide concentration and PM10 are indicators of air quality and
fires occurrence, so there are key indicators to monitor the Project’s impact on
the environment. Daily and monthly datasets have been supplied by the
Environmental Services Department of Athens International Airport for years
2008-2012 at the monitoring stations of Spata, Pallini and Glyka Nera (Figure
4:, Tables 1, 2, and 3) and will be updated every year. In the following, only
monthly data are shown (Figure 5-Figure 6) from 2008 to 2012 since they are
more relevant to figure out the effectiveness of project implementation during
the years.

Figure 4: Air quality monitoring stations.
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Figure 5: Monthly mean carbon monoxide concentration for the period 2008-2012
at Glyka Nera, Spata and Pallini station.

Figure 6: Monthly mean PM10 concentration for the period 2008-2012
at Glyka Nera, Spata and Pallini station.
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Unfortunately, the concentration of these pollutants is not only related to fires
but also to other factors, hence the analysis could have some significance
only after a longer period of monitoring and after some significant fire events.
Temperature variation

The variation of the temperature is an environmental indicator of interest as it
supports micro-climate effects. The National Technical University of Athens
(NTUA) and the National Observatory of Athens (NOA) collect the relevant
information from the records of temperature sensors installed in their existing
meteorological observatories with a time interval of 10 minutes. Currently,
NTUA temperature data are available at Penteli and Pikermi stations while for
NOA, temperature is recorded at Spata station (see Figure 7).

Figure 7: Locations of meteorological and flow measurement stations used in the study.

It is expected that a reduction of fires will determine a lower difference in
temperature variation between seasons and a reduction of the maximum
temperature reached during summertime due to effect of the regulation
provided by vegetation. However, there are two main strong assumptions that
may completely biased the analysis. The first is that temperature variation (if
any) is solely determined by the effect of fires and, the second is that the
variations increasing temperature variations are not related to global causes.
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Indeed, if a summer is recorded particularly hot at Rafina is likely because it
has been hot overall the entire Greece or in Attica and not because several
fires occurred in the area. To alleviate this bias we have used modeled data
from the European Center for Medium-Range Weather Forecast to evaluate
the temperature in the same period of analysis but at larger scale (i.e., Attica
and Greece). This data may provide a benchmark to exclude large scale
effects. Although the approach may be affected by several limitations we do
not have other chances –within the resources foreseen for this action – to
accomplish this task.
In the following we present a comparison between temperature variations in
terms of mean and anomalies between observation recorded at Pikermi, that
is a functional station with the longest recorded dataset, and the ECMWF
temperature of Attica and Greece.
Figure 8

plots the mean monthly temperature for the period 2006-2012.

Figure 8: Mean monthly temperature at Pikermi site, over Greece and in Attica region.

It can be seen that data from the station supplies higher variations. To avoid
to misinterpreting due to the different climatology between the model and the
observations, the data were rescaled between their maximum and minimum
values as shown in Figure 9.
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Figure 9: Normalized mean monthly temperature at Pikermi site,
over Greece and in Attica region.

From the figure it can be seen a consistent behavior between the time series
except for the summer 2008 between Pikermi and Attica region.
To better analyze the trend of the temperature and removing the seasonality a
yearly moving mean has been calculated for the site along with for the entire
Greece and Attica (Figure 10). It can be seen that the site shows higher
temperature values with respect to both Greece and Attica although its
variation highly resemble the one of the model (except in 2008).

Figure 10: Yearly based moving mean from 2005 to 2014
for Pikermi station, Attica and Greece.
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The figure can be better discussed if we plot the normalized values in
the period as shown in Figure 11. Significant differences can be
observed only in the period 2006-2009.

Figure 11: Normalized yearly based moving mean from 2005 to 2014 for
Pikermi station , Attica and Greece.

Figure 12: Normalized yearly based moving variance from 2005 to 2014
for Pikermi station, Attica and Greece.
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Another possibility to evaluate the differences is by plotting the monthly
anomalies (Figure 12). They show a consistent behavior with very small
difference in summer 2009 where several fires affected the area of Rafina.
However, we cannot draw any strong conclusion to support the hypothesis
that such anomaly difference could be caused by fires.
In summary, we cannot state if fires affect the areas and if the project
implementation will have some effects in terms of temperature unless the
period of observation will not continue for several years.
Flood relevant indicators: stream peak discharge, watershed lag time

The alteration of land use and soil permeability caused by fires affects rainfallrunoff transformation processes. This can be quantified by measuring peak
discharge downstream the burnt area. NTUA collects the relevant information
from the Hydrological Observatory of Athens (HOA).
The presented analysis relates the occurrence of a fire event with the
characteristic of floods for a series of past events extracted from the available
data set. The study is useful for comparing the effectiveness of the FLIRE
project actions in the future events. At this stage, only a preliminary study of
floods is carried out. In the future, the relevant information will be discussed
considering a possible increment of the size of the database of fires and
floods. In particular, the relation between fire and flood occurrence in the
study area will be investigated. The analysis will be useful to test the
effectiveness of the FLIRE project in fire and flood mitigation strategies.
In the following, after a brief description of the available data in the area a list
of events along with their main characteristics, i.e. peak discharge, event
duration, lag time, total rainfall, total runoff and runoff coefficient, are
analysed.
Event selection
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Stage data are available at Spata, Drafi, Rafina and Rafina 2 station (see
Figure 7). Conversely, stage-discharge (S-Q) relationships exist only for Drafi,
Rafina and Rafina 2 gauged sites. Because Rafina has the longest available
dataset and it is still functional, the analysis will only consider this location.
The S-Q relationship for this site has been assessed by means of velocity
measurements obtained mostly for low flow conditions. To obtain reliable
stage-discharge relationship for high flow, the S-Q relationships have been
extrapolated by Manning equation using appropriate slope and roughness
coefficient derived from several studies in the area (mainly during the
implementation of graduate and master thesis in NTUA). In particular,
previous experiences have suggested Manning roughness coefficient, n,
equal to 0.035 s/m1/3. For intermediate flows, the rating curve has been
interpolated between the (S-Q) relationship for low flows and the respective
Manning equation. In this manner, it was guaranteed that the S-Q curves well
“capture” both peak flows and low flows.
Note that, in the following discharges refer to the direct runoff that was
obtained by considering a modified fixed based method for baseflow
separation (Melone et al. 2002).
The event extraction (from the time series) has been carried out by selecting
the events characterized by a continuous rainfall pattern with a mean rainfall
intensity greater than 10 mm/day and no rainfall in the previous five days.
Data analysis
In Figure 13 the events selected for the site of Rafina are shown along with
the parameters of interest identified for this study.
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Figure 13: Rainfall-Runoff events selected from the datasets at Rafina river gauge.

Figure 14 and Figure 15 show the LAG time and the Runoff coefficients
during the years 2009-2013, respectively. Due to the limited number of events
(27) and the lack of fire information, it is still not possible to draw conclusions
or inferring any tendency or relation with fires. However, the data provide
useful information for assessing the performance of the DSS tool in flood
prediction. Indeed, by monitoring the events and their magnitude we can also
monitor the response of the DSS tool and its performance. Moreover, the
analysis of the lag time is useful to assess the promptness of the response of
the DSS for warning purposes.
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Figure 14: LAG time of the events vs. time.

Figure 15: Runoff coefficients of the events vs. time.
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2.2

Other original Indicators (not regularly monitored)

Water quality indicators

BOD and nutrients are used as environmental indicators to monitor general
water quality in the streams of the study area. Since the quality composition of
runoff changes after fire events (differences in organic matter as well as
nutrients), diffuse pollution quantified through estimations of BOD and
nutrients is of interest to monitor the impact of fires on the oxygen levels of the
streams. The quantities of BOD, nitrogen and phosphorous for the river basin
of Attica are included in the River Basin Management Plan of Attica (RBMP of
Attica – Phase A, Del.8, 2012). In Table 3, BOD, nitrogen and phosphorus
values for the three Rafina streams (classification included in the RBMP of
Attica) are shown. Such information provide an initial impression of the
chemical status of the Rafina river and its tributaries and could be useful to
evaluate the effectiveness of the fire risk mitigation strategies in the area.
Table 3: BOD, nitrogen and phosphorus values for the 3 main streams of the study area:
(Source: RBMP of Attica – Phase A, Del.8).
Rafina 2 ID GR2627
Rafina 3 ID GR2626
Rafina 1 ID GR2605
Figure 16

BOD (mg/l)
108.2
42.27
1.50

N (mg/l)
28.85
12.99
12.29

P (mg/l)
31.52
12.70
18.50

shows the quantity of organic load (tn BOD/year) due to livestock

activities at the subbasins of the Attica River Basin. As it can be seen, in
Rafina 2 and Rafina 3 the quantity of BOD is about 100 Kg per year in both
the subbasins.
A reliable estimation of the applied quantity of nitrogen in cultivation areas is
provided in Figure 17 while the annual quantities of nitrogen in areas where
livestock activities are intense is shown in Figure 18. A qualitative
characterization of the total intensity of pressures from diffuse pollution in the
study area is presented in Figure 19.
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Figure 16: Tons of BOD /year due to livestock activities in the subbasins of Attica river basin
(Source: RBMP of Attica – Phase A, Del.8)

Figure 17: Applied quantity of nitrogen (Kg of N/ 1000 m2 /year) due to cultivation areas
in the subbasins of Attica river basin (the boundary of the study area is marked
with a blue solid line) (Source: RBMP of Attica – Phase A, Del.8).
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Figure 18: Applied quantity of nitrogen (Kg of N/ 1000 m 2 /year) due to not stabled livestock at
the subbasins of Attica river basin (the boundary of the study area is marked with a blue solid
line) (Source: RBMP of Attica – Phase A, Del.8).

Figure 19: Total pressure intensity from diffuse pollution at the subbasins of Attica river basin
(the boundary of the study area is marked with a blue solid line) (Source: RBMP of Attica).

Indicators of biological diversity

The maintenance of natural evolutionary and ecological processes, the
conservation of natural ecological communities and natural resource land
base and the protection of natural areas representative of biological diversity
are key indicators of the environmental effects of the reduction of fire risk
through the Project’s implementation. As stated by the “United Nations
Environment Programme”: “It is increasingly accepted that a large pool of
species is required to sustain the structure and functioning of ecosystems,
especially in landscapes with intensive land use. In this context, a group of
related hypotheses proposes that biodiversity may act as an insurance or
buffer against changing environmental conditions. However, the suggestion
that biodiversity controls ecosystem processes, including stability, needs to be
25

analyzed in a much wider array of conditions, since not all ecosystems
respond equally to environmental disturbance and since some perturbations
may be better buffered by biodiversity than others. In the face of major natural
disturbances such as fire and flood and an increased probability of their
occurrence due to global change, the buffering capacity attributed to
biodiversity may play a key factor in ecosystem recovery. The existence of a
minimum species richness could help ensure the presence of species or
functional groups with dominant roles in biomass production and regulation of
nutrient fluxes …”. (Neville et al. 2010).
Therefore, it becomes evident that the monitoring of species present in the
FLIRE project study area could help to identify the wellness of the
environment as well as the impact of floods and fires on biodiversity and vice
versa. In the following, a list of the registered FLORA – FAUNA species of the
Hymettus Mountain (located in the western part of the Rafina catchment
shown in Figure 7) for the year 2012 is reported. These datasets were
provided to NTUA by the Union for the Protection and Development of
Hymettus Mountain (SPAY). SPAY (www.spay.gr) is an association of the
15 municipalities that surround Hymettus mountain and aims to actively
protect the forest of the mountain from fire and ecological degradation.
A description of the species can be found in Annex A.
Number of pollutant sources affected by flooding

The existence of pollutant sources (factories, breeding, farming, agricultural
areas, etc.) in the study area is directly related to the ecological degradation of
the area in case of flood occurrence. It is obvious that these sources may be
related either to point pollution or to diffuse pollution. Therefore, pollutant
sources can be used as indicators that quantify the environmental impact of
floods in the study area. Their initial identification should be carried out at the
beginning of the Project and alterations in their extent (for diffuse sources)
and in their number and exact location (for point sources) need to be identified
throughout the implementation phase of FLIRE (real values). In addition,
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pollutant sources should be estimated for different flood prevention scenarios
(simulated values) as suggested by Action B.7 and may influence the
adoption of measures and also for all flood events that may take place during
the Project development (real values for the periods both before and after the
operationalization of the DSS). The pollutant sources currently exist in the
study area are here identificated.
NTUA retrieved the available relevant information from several sources,
including inter alia land use maps and published studies for the area and
cooperated with IRPI-CNR for their analysis. Hybrid land cover-land use
maps, developed by FORTH, have been also considered in the hydrological
analysis for this purpose. NTUA was able to collect useful information from the
River Basin Management Plan of Attica concerning both existing diffuse
pollution sources in the area and point pollutant sources. In particular, the
locations of industrial units in the study area were identified, on the basis of a
list of industrial units in the Attica river basin (included in the RBMP of Attica –
Phase A, 2012), and are presented in Figure 20.

Figure 20: Locations of industrial units in the study area.
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Figure 21: Point pollution pressures (the boundary of the study area is marked with a blue
solid line) (Source: RBMP of Attica – Phase A, maps).

A complementary source for the existence of point sources of pollutions in the
study area was provided by the RBMP of Attica basin (RBMP – Phase A,
maps) and a relevant map is presented in Figure 21.
It becomes obvious from Figures 20-21 that most industrial units are clustered
in the southwest regions of the study area, close to Spata, while a couple of
industries are located prior to the urbanized area of Rafina. Both areas are
particularly vulnerable to floods and an indication of flood extent in these
regions (as it will be provided from Action B.3) would assist a more accurate
quantification of the indicator studies in this Section.
Fertility land reduction

Land fertility may be impeded as a result of sand and/or chemicals brought by
flood events onto fertile land and thus the reduction of land fertility may be
used as an indicator of the environmental footprint of floods in the area.
NTUA communicated with relevant authorities from the Greek Ministry of
Agriculture in order to retrieve information for the collection of relevant
datasets. The Ministry does not collect these datasets and any possible
information may only be sought for through records of crop yield that are kept
by competent authorities in the areas of interest.
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IRPI-CNR in collaboration with NTUA tried to collect these datasets from local
Municipalities and Communities in order to further analyze them and draw
conclusions for this indicator. However, it was not possible to retrieve such
data and, hence, the estimation of land fertility reduction for the different flood
scenarios produced and analyzed during Action B.3 cannot be developed.
Stagnant water extension

Flood events result in areas inundated with stagnant water, which may have
significant consequences on human health and properties (either farmlands or
residential areas). The extension of stagnant water can be used as an
indicator relevant to flood risk assessment and management in the area. This
indicator will be assessed through the modeling exercise and calibrated
against data from past floods from the area. Therefore, the hydraulic modeling
providing flood inundation maps (deliverable of Action B.3) is needed for
estimation of this indicator. Apart from this, it has to be underlined that IRPICNR tried to collect and analyze land use maps of the area, aerial photos and
satellite images in order to estimate ‘stagnant water extension’ mainly after
severe flood events, but such information were not found.
2.3

Indicators quantifying the performance of the project

The indicators presented in Section 2.1 will be monitored in the future both
during the second part of the implementation phase (1.5 years) and the AfterLIFE phase (at least 5 years) with frequencies suggested in each case above.
In theory, the monitoring of the Indicators for quantifying the performance of
the project makes sense only the project completion. However, given the
continuous development and testing of the tools (i.e., for flood and fire
forecasting models) and the possible interest of competent stakeholders in
these tools, they are monitored to assess the potential impact of the project on
the area. Such monitoring provides an evaluation of the benefit that the
adoption of FLIRE measures will have in the future, both in terms of reliable
early flood and fire forecasting (in order to reduce damages) and in terms of
optimal planning for the risk subjected zones.
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Based on that, four indicators will be used for quantifying the performance of
the project on the area. That is,
1. number of competent authorities interested on FLIRE measures;
2. number of measures suggested by the FLIRE Project examined and/or
adopted by competent stakeholders;
3. percentage of forest fires whose propagation was correctly forecasted
by the developed tools;
4. percentage of forest fires whose propagation was correctly forecasted
by the developed tools.
The first two indicators will be assessed by evaluating the answers to the
questionnaire foreseen for action C.1 (please refer to this action for further
details). In particular, questions 12, 13, 16 and 17 have been taken into
account.
The latter two indicators specifically refer to the tools developed for the
project. Although at this stage such tools are not yet finalized and fully
integrated in a DSS (Decision Support System), they can be tested separately
to current and past fire and flood events.
In the following we will provide the results of the analysis for such indicators.
Competent authorities interest in FLIRE project and its measures

The interest of competent authorities is evaluated by the questions and the
answers in Annex B. To now, only three authorities completed and send back
the questionnaire but it is expected to receive more questionnaires in the next
months. Every authority is interested in adopting FLIRE measures while
Rafina-Pikemri Municipiality gave a low score to question 12 and 13. Due to
the limited number of questionnaires, no strong conclusions can be drawn up
to now.
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Percentage of floods and fires correctly forecasted by the developed tools

At this stage, the developed tools are the DSS for forecasting the fire
expansion developed by FORTH and ALGOSYSTEM and the hydrologic and
hydraulic models developed by NTUA, ICL and IRPI.
As explained by FORTH in the FLIRE study area, no fire events have been
occurred during the project period. Only in 2009, a big fire event has been
happened but the ignition area was in the north area of Attiki around 25 km
from the FLIRE area so it was not possible to simulate the expansion.
Concerning floods, a big one occurred in 20-23th February 2013 has been
considered by ICL in the report “Full scale flood prediction” foreseen for Action
B.2. The task of ICL was the assessment of the hydraulic model in the
urbanized area. Rafina2 station (see Figure 7) is the only one that is within the
urbanized area under consideration and was installed on 28/12/2011. Thus,
the only significant event after the installation of the station was the one
occurred on February 2013. The observed data of the aforementioned event
were used for the comparison of the simulated results from the urban flood
model.
The Nash–Sutcliffe efficiency index (NS) was used to assess the performance
of the model. NS is a widely used and potentially reliable statistic for
assessing the performance of hydrologic and hydraulic models. NS equal to
one means perfect agreement between observed and simulated discharge
while values below 0.5 suggest bad performance. The value of NS for the
simulated depths for the event of 2013 at Rafina2 station was 0.743 which
indicates that the model predictions are quite accurate. Given the fact that the
investigated flood event was the only available one for comparison and/or
calibration, these results can be considered satisfactory. Taking into account
the limited available observed datasets, the final model performed
satisfactory, which was confirmed by the high values of the NS performance
measure. For further details, please refer to the “Full scale flood prediction
report” foreseen for Action B.2.
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To summarize, only one flood event has been tested and no fire events. The
results for the flood event can be considered satisfactorily.

3 Conclusions
The activities undertaken by IRPI for Action C.2 can be summarized in two
parts. The first part has concerned the initial implementation of the project
from October 2012 to April 2013. The second part has started after May 2013
and is still ongoing.
The activities undertaken during the first part of the project are described in
the first report foreseen for Action C.2. They mainly concern the initial
identification of three categories of indicators (relevant for flood, fires and DSS
tool performance evaluation and usefulness) and the collection of information
and data. Although it was possible for most of the indicators to be retrieved
during the first part of the project, during the implementation of the Action C.2
some general problems arose mainly due to the difficulties in retrieving the
data and the unknown link between the project tools and the environment
problems targeted. Hence, the attention was concentrated on stakeholderoriented indicators and number of indicators was reduced focusing to those
that can be effectively regularly measured in order for better quantifying the
impact of the project. Accordingly, Action C.2 was reformulated. In particular,
in addition to temperature variations, air quality, flood relevant and forest
areas related indicators, four questions of the recent questionnaire planned for
Action C.1 were identified as questions relevant to evaluate the potential
effect of the application of the project tools on the environment.
The analysis of the indicators provided the following:
1. Data concerning the indicators relevant to fire risk assessment and
management were quantitatively retrieved (except for forest related
indicators which still lack of a systematic analysis and monitoring due to the
data availability). Time series of temperature variations, air quality and flood
related indicators (stream peak discharge, watershed lag time) were plotted
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and analysed. However, they are not still sufficient (in terms of length of the
period of analysis) for an evaluation of any trend.
2. The

stakeholder-oriented

indicators

were

retrieved

using

the

questionnaire foreseen for Action C.1. and were used to draw a first analysis
of the authorities interested in FLIRE measures. However, there are still few
authorities who responded to the questionnaire.
3. The performance of the proposed tools has been successfully evaluated
for the Hydraulic model developed by ICL against one flood event occurred
at Rafina2 on February 2013. No fires events are available as case studies.
With respect to the previous report, all the indicators have been updated and
well defined, however, due to the small period of analysis is dangerous to
draw any strong conclusion about the effect of the project on the area (if any).
Only after a longer period of monitoring and after the potential adoption of
FLIRE measures will be possible a more confident evaluation of the impact of
the FLIRE project on the environmental problem targeted.
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ANNEX A
Conifers
Table 4: Number of species of conifers in the study area.

#
1
2
3
4
5

common term (greek)
Χαλέπιος πεύκη
Τραχεία πεύκη
Κουκουναριά
Κυπαρίσσι αειθαλές
Κυπαρίσσι αριζόνας (γλαυκό)

latin term
Pinus halepensis
Pinus brutia
Pinus pinea
Cupressus sempervirens
Cupressus arizonica

Broad-leaved trees
Table 5: Number of species of broad-leaved trees in the study area.

#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

common term (greek)
Πουρνάρι
Αριά
Δρυς χνοώδης
Χαρουπιά
Κουτσουπιά
Ψευδακακία
Ακακία κυανόφυλλη
Ελιά ευρωπαική
Ευκάλυπτος ρυγχωτή
Ευκάλυπτος σφαιροειδής
Ευκάλυπτος βεργοκλαδή
Σχίνος
Κουμαριά
Πικροδάφνη
Βιβούρνο λαντάνα
Λιγούστρο κοινό
Κράταιγος μονογύνη
Γκορτσιά αμυγδαλόμορφη
Άγριο αγιόκλημα
Αγιόκλημα
Πλάτανος ανατολικός
Λεύκη τρέμουσα
Λεύκη λευκή
Λεύκη δελτοειδής

latin term
Quercus coccifera
Quercus ilex
Quercus pubescens
Ceratonia siliqua
Cercis siliquastrum
Robinia pseudoacacia
Acacia cyanophylla
Olea europaea
Eucalyptus rostrata
Eucalyptus globules
Eucalyptus viminalis
Pistacia lentiscus
Arbutus unedo
Nerium oleander
Viburnum lantana
Ligustrum vulgare
Crataegus monogyna
Pyrus amygdaliformis
Lonicera implexa
Lonicera etrusca
Platanus orientalis
Populus tremula
Populus alba
Populus deltoids
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Shrubs
Table 6: Number of species of shrubs in the study area.

#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

common term (greek)
Μηδική
Ρείκι
Φούσκα
Σπάρτο σχοινοειδές
Ασπάλαθος
Λυγαριά
Θυμάρι το κοινό
Δενδρολίβανο
Μυρτιά η κοινή
Πυράκανθος η ερυθρή
Λαδανιά η κρητική
Λαδανιά η λευκή
Θαμνοκυπάρισσο
Ασφάκα
Φασσόχορτο
Κληματίς η κιρρώδης
Φασκομηλιά
Γαλατσίδα
Απήγανος ο άγριος

latin term
Medicago arborea
Erica arborea
Colutea arborescens
Spartium junceum
Calycotome villosa
Vitex agnus castus
Thymus vulgaris
Rosmarinus officinalis
Myrtus communis
Pyracantha coccinea
Cistus creticus
Cistus salvifolius
Juniperus phoenicea
Phlomis fruticosa
Prasium majus
Clematis cirrhosa
Salvia fruticosa
Euphorbia characias
Ruta chalepensis

Orchidaceae

There are 44 species of orchids in the greater area, the density of which is
considered the greatest in Europe, proportionally to the magnitude of the
mountain. The most indicative species are presented below.
Table 7: Number of species of Orchidaceae in the study area.

#
1
2
3
4
5
6

latin term
Barlia robertiana
Orchis italica
Orchis pauciflora
Orchis quadripunctata
Ceplalanthera damasonium
Ophrys reinholdii
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Bulbous

The families of Amaryllidaceae, Iridaceae and Liliaceae are included and the
species are the following:
Table 8: Number of species of Bulbous in the study area.

#
1
2
3
4
5
6
7

latin term
Crocus cancellatus
Crocus laerigatus
Crocus carthitianus
Gynandriris sisynchium
Gynandriris monophylla
Iris attica
Sternebergia sicula

Herbaceous
Table 9: Number of species of Herbaceous in the study area.

1
2
3
4
5
6
7
8
9
10
11

Common term (greek)
Σιλήνη η έγχρωμη
Αουμπριέτα
Παπαρούνα
Ανεμώνη
Αγούδουρας
Κενταύρια η αττική
Ονοβρύχις η εβενοειδής
Λινό το λευκανθές
Καμπανούλα η κέλσιος
Βαλεριάνα η ιταλική
Κέντρανθος ο ερυθρός

Latin term
Silene colorata
Aubrieta deltoidea
Paraver rhoeas
Anemone pavonina coronaria
Hypericum empetrifolium
Centaurea attica
Onobrychis ebenoides
Linum leucanthum
Campanula calsii
Valeriana italic
Centranthus ruber

Birds

In total there are at least 100 species of birds registered, most of which are
sedentary, migratory or seasonal visitors. These species include the following:

Table 10: Number of species of birds in the study area.

#
1
2
3
4
5
6
7
8
9
10
11
12

Common term (greek)
Αετογερακίνα
Πετρίτης
Βραχοκιρκίνεζο
Φιδαετός
Αετομάχος
Αιγαιοτσιροβάκος
Δενδροσταρήθρα
Νυχτοπατής
Σκουρόβλαχος
Πέρδικα η πεδινή
Κουκουβάγια
Τυτώ

Latin term
Buteo rufinus
Falco peregrines
Falco tinnunculus
Circaetus fallicus
Lanius collurio
Sylvia rueppelli
Lullula arborea
Caprimulgus europaeus
Emperisa caesia
Alectoris graeca
Athene noctua
Tyto alba
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Mammals
Table 11: Number of species of mammals in the study area.

#
1
2
3
4
5

Common term (greek)
Ασβός
Νυφίτσα
Κουνάβι
Αλεπού
Λαγός

Latin term
Meles meles
Mustela nivalis
Martes foina
Vulpes vulpes
Lepus europaeus

Beyond the above mentioned it has been identified three species of bats:
Table 12: Number of species of bats in the study area.

1
2
3

Latin term
Pipistrellus pipistrellus
Rhinolophus blasii
Rhinolophus hipposideros

Reptiles-amphibious
Table 13: Number of species of reptiles-amphibious in the study area.

#
Turtles
1
2
Snakes
3
4
5

latin term
Μεσογειακή
Κρασπεδωτή

Testudo hermanni
Testudo marginata

Σπιδόφιτο
Νερόφιδο
Σαύρα

Elaphe situla
Natrix natris
Lacerta viridis

Insects
Table 14: Number of species of insects in the study area.

#
Butterflies
1
2
3
4
5
6
7
Orthopteran
8
9

latin term
Papilio alexanor
Anthoxaris gruneri
Hipparchia aristaeus
Agrodiaetus admetus
Freyeria trochylus
Pieris krueperi
Spialia plomidis
Dolichopoda insignis
Dolichopoda petrochilosi
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ANNEX B
Questions
1. Do you believe that the possibility to assess the floodplain may assist you organization
in flood prevention and protection design?(please answer only if your organization is
involved in flood management);
In which scale from «0» (I don’t think so) to «10» (I am sure): ................................................
In which way (specify)…………........................................................................................
.......................................................................................................................................
2. Do you believe that the possibility to assess fire expansion and its behavior may assist
your organization in fire prevention and protection design? (please answer only if your
organization is involved in fire management)
In which scale from «0» (I don’t think so) to «10» (I am sure): ................................................
In which way (specify)…………........................................................................................
.......................................................................................................................................
3. Do you believe that FLIRE results, as presented, may contribute to the improvement of
flood and/or fire protection in your region?
In which scale from «0» (I don’t think so) to «10» (I am sure): ................................................
In which way (specify)………..........................................................................................
.......................................................................................................................................
4. Would you be interested to integrate the FLIRE DSS in your systems?
 YES
 NO
Comment your answer……….........................................................................................
.......................................................................................................................................
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Answers

#

Competent
Authorithies

Question
12

Question
13

Question
16

Question
17

1

Municipalitiy
RafinaPikermi

5
.
with cleanings,
with arbitrary
controls

7

8

NO

patrolled,
infrastructures,
with arbitrary
controls

by the
maturation of
processes, by
activation of
bodies

Municipalithy
Maratona

NA

to ensure
the
appropriate
infrastructur
e in the
municipality
10
there is no
other
system like
FLIRE in
our
municipality,
so it should
be created
from the
beginning
(YES)
in our
business
center

2

10
Firewalls,
hydrants,
manpower

3

Fire Services

(9-10)
positioning of
forces,
strengthening
of services

(10)
knowledge of
the fire direction
over a period of
1-4 hours for the
operational
planning field

(10)
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