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Abstract

Botanical evidence has been used in the past for flash flood analysis, especially
when instrumental data were scarce. This work focuses on the use of such evidence
as a tool to study flash flood phenomena in Rapentosa torrent, in Marathon, Greece.
To this aim, impact scars induced during past flood events on trees along the tor-
rent, were considered water stage indicators and were used to determine discharge
magnitude of these flow episodes. Samples extracted from the scarred specimens
with the aid of an increment borer, were used to date these impacts wounds. 1-D hy-
draulic modeling was used to provide a reconstruction of the highest-discharge
event, while results were cross-examined with historical damages to verify the out-
come of the analysis. Analysis showed a total of 22 impact wounds along the torrent
indicating discharge values between 17.1 m*/s and 84.9 m’/s during past flow epi-
sodes. Three flash flood events were identified in 1996, 1998 and 2001. Hydraulic
modeling of the 2001 event, which presented the highest flow values, illustrated its
extent and water depth across the floodplain, presenting good correlation with the
available documentary evidence.

Key words: Dendrochronology, Dendromorphology, Flood hazard, Marathonas,
Flood reconstruction.

Hepilnyn

H devdpouoppoloyio éxer amoreléoer oto mopeldov onuavtixo epyaleio oty avatvon
TAQUUVP DV, ELOIKOTEPQ. OTIC TEPLOYES OTOD TO. EVOPYOVA VOPOLOYIKG. OEOOUEVO, VAL
eMeryy. H mapovoo uelétn eonider otnv avdlvon ninyov mpoéokpovons oty fldotn-
o1, 0l OTOIES ONULOVPYRONKAY KOTG. T OLGPKELD. TANUUDPIKDV EXEIGOOLMV, OTO PELUO,
¢ Pameviwoag, atnv mepioyn tov Mapobwva. o 1o okomd avtd, ecetdolnray o1
oVVONKES PONS KAl 01 O1OCTACEIS TIC KOITNG aTIS VIO ueAéTn Béoeig, kair vwoloyioOnke
n amoppon. Ilopdiinia, AneOnkoy wopnves ue m ypnon €101Kod 0pyavov UE GKOTO
™Y YPovoloynon Twv mAnywv avtwv. Akolovbws, ypnoiorombnke n TEXVIKN TS v-
OPOVAIKNG TPOCOUOIWONS UE OKOTO TNV AVOTOPAOTOCH THS TANUUOPOS LE T UEYOAD-
tepn amoppor. Amé v avélvon mpoérkoway amoppoéc uetald 17.1 m’/s xai 84.9 m’/s
KO0, TH O10PKELQ TOVAGYIOTOV TPV TANUUVPIK®Y YepovoTwy to 1996, t0 1998 ka1 10
2001. Awo v povredomoinon tov ovufavrog tov 2001, To omoio mopovaoiooe Tic vyn-
AOTEPES TIES amoppoNS, vroAoyiolnke n Extoon kol To PAOOS THE TANUUDPOG.

Aééerg klerdra: Aevopoypovoloyio, Aevopouoppoloyio, Iinuuovpixog xivovvog, Ma-
poadavag.
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1. Introduction

The analysis of botanical evidence is an established scientific tool in natural hazards research
(Butler et al., 1987, Stoffel and Bollschweiler, 2008, Stoffel et al., 2010) used to study a range of
geological and hydrometeorological phenomena, such as debris flows (Hupp, 1984), wildfires
(McBride, 1983, Grissino-Mayer, 2010), earthquakes (Bekker, 2010), landslides (Hupp, 1983,
Stoffel and Perret, 2006) and floods (Gottesfeld, 1996, Zielonka et al., 2008, George, 2010). In the
field of flood risk analysis, especially in the case of ungauged catchments, dendromorphology has
been proved a useful and increasingly reliable approach (Stoffel and Bollschweiler, 2008, Ruiz-
Villanueva et al., 2010). One of the first descriptions of the impact of flooding on vegetation
comes from Sigafoos (1964). Since then, several works have studied various disturbances of
vegetation as source of information on past hydrologic episodes (Loomans, 1993, Ruiz-Villanueva
et al., 2010). Scars caused on the stem of trees growing in channel banks, most likely formed by
impact with woody debris and stones transported during intense flow episodes (Gottesfeld, 1996),
have been used to identify floods, to examine raised water levels (Zielonka et al., 2008, George,
2010) and to date these events by tree-ring analysis (Ruiz-Villanueva et al., 2010).

Based on this principle several authors have exploited botanical evidence to estimate discharge in
a single event or a series of floods (Jarrett, 1990, Gottesfeld, 1996, George, 2010), to reconstruct
physical characteristics of flow (Loomans 1993, Tardif and Bergeron, 1997), to enrich flooding
history and instrumental records (Yanoksy and Jarrett, 2002, Bollschweiler et al. 2011), to identify
extreme floods (George and Nielsen, 2000), to estimate flood frequency (Hupp 1984) and to
understand geomorphic processes of a river and their evolution (Baker 1994, Bollschweiler et al.
2011). Dendrochronology and dendromorphology have been used in conjunction with other
hydrologic and hydraulic techniques to reconstruct and visualize characteristics of past flow
episodes (Ballesteros et al. 2010).

Given the fact that flash flood analysis in ephemeral streams, in Greece, poses a significant
challenge due to lack of instrumental data, this work analyses vegetation evidence along
Rapenotsa catchment, in an effort to examine the applicability of the approach and improve our
understanding on flood processes in the area, in terms of flood discharge and flood extent.

2. Study Area

The work carried out in this paper was conducted in Rapentosa catchment, in Attica, Greece,
approximately 25 km northeast of the city of Athens (Figure 1). Rapentosa is an ephemeral
mountain torrent with a basin area of 37.5 sq. km. draining the north slopes of Penteli Mt. At the
last part of its course the torrent crosses Marathon plain, a fairly flat area dominated by agricultural
land and the small settlements of Vranas and Tymvos. Directly upstream from the plain, which
consists of Holocene alluvial deposits, the torrent passes through Mesozoic bedrock (mainly
marble) forming a steep and narrow gorge.

The plain has been subject to flash flood phenomena several times in the past, claiming at least one
life in 1980 (Diakakis 2010). According to historical evidence analyzed by Diakakis (2010) at least
13 distinct flash flooding events can be identified in 1805, 1959, 1980, 1987, 1988, 1996, 1998,
1999, 2001, 2003 and two in 2005. Examination of local wildfire history showed that three major
forest fires have occurred in the area in 1995, 1998 and 2009 (Xanthopoulos 2002, Amiridis et al.
2012), leading, according to reports, to debris-laden river flows and increased amounts of
sediments and vegetation fragments deposited across the plain and in the sea (Diakakis 2010).

This study was conducted in the 2730 m long section of the stream flowing through the gorge
where dense coniferous vegetation is developed along the narrow riverbed and the banks of the
torrent (Figure 1c).
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Figure 1 - (a) Location of the study area, (b) view of Rapentosa torrent flowing into
Marathon plain (towards Northeast) and (c) overview of the Rapentosa drainage network
and the study site.

3. Materials and Methods

The work carried out in this study can be divided into five main parts, namely: (i) field
identification and mapping of flood-induced scars, (ii) recording of flow conditions and channel
dimension at these locations, (iii) discharge calculations, (iv) core sampling and dating of scars
and (v) 1-D modeling of highest calculated flood discharge.

3.1. Field Survey

The study started with field survey of the channel and its banks aimed to identify and map flood-
induced external disturbances on vegetation. Tree trunks growing on the banks along the stream
were carefully inspected for the presence of scars and other stem injuries. The survey confirmed
22 different cases of abrasion injuries (scars) on tree trunks of the conifer species Pinus Halepensis
(Figure 2), created by either vegetation debris or stones transported violently during flood episodes.
The scars were thoroughly inspected, photographed, measured and mapped with the aid of GPS
equipment (Figure 3).

3.2. Recording Flow Conditions and Measuring Channel Dimensions

Flow conditions at the location of each injury were documented in order to calculate the channel’s
roughness coefficient for each spot according to the Aldridge and Garrett (1973) methodology.
The cross sectional area was inspected, photographed and compared to the Aldridge and Garrett
(1973) and Arcement and Schneider (1984) standards regarding six different variables affecting
flow roughness, that is: (i) the channel’s degree of irregularity, (ii) the variations in channel cross
section, (iii) the channel’s obstructions to flow, (iv) the amount of vegetation and (v) the degree of
meandering.

Roughness coefficient (n) was then calculated according to the Cowan’s (1956) equation:
Equation 1 — Cowan’s (1956) equation for calculation of roughness coefficient.
n =(nb +n, +n, +n, +n4)~m.

where ny is a base value of n for a straight, uniform, smooth channel in natural materials, n; is a
correction factor connected with the degree of the channel’s irregularity, n; is a variable connected
with the variations in the channel’s cross section, n; is a factor connected with the effect of
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obstructions to flow, ns4 is a factor connected with the amount of vegetation and m is a factor
connected with the degree of meandering.

To calculate discharge of flow episodes detailed measurements of the channel cross sectional area
and the wetted perimeter were carried out with the aid of laser rangefinders with an accuracy of
1.5mm. Two sets of measurements were carried out with the rangefinders and a third with typical
measuring tape to assure accuracy. Following this step, simple geometry calculations were carried
out to determine the two variables of the channel dimensions.

Figure 2 - Typical stem injuries (scars) along Rapentosa torrent banks.

Figure 3 - Locations of abrasion scars identified in the study area.
3.3. Discharge Calculations

Given that injuries induced during flood episodes are considered water stage indicators, one can
reconstruct discharge of a flow episode, using the Gauckler-Manning formula (Manning 1891):

Equation 2 — Gauckler-Manning formula
1 2 1
0= a4 r%.5h
n
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where Q is the flow discharge in m?/s, n is the roughness coefficient, A is the cross sectional area
in m?, R is the hydraulic radius in m, S is the hydraulic slope. The hydraulic radius derives from
the ratio of the cross sectional area (A) in m?, to the wetter perimeter of the channel (P) in m.

3.4. Injury Dating

In order to determine the date of the injury, samples were extracted using a Haglof type increment
borer of 16”. Each tree specimen was sampled twice according to Barrett and Arno (1988) face-
boring procedures for single scarred trees (Figure 4). After collection, cores were dried and sanded
(surfaced) for ring analysis. Analysis was carried out using a 40x microscope and succeeded to
determine the age of injury in 9 out of 22 samples.

3.5. Hydraulic Modelling

Hydraulic modeling was carried out to determine the extent of inundation and flow depth of the
maximum discharge episode determined in prior steps of the methodology. To this aim, HEC-RAS
model (HEC 2002) was used to simulate river flow downstream of the study site. Geometry of the
channel and the floodplain was based on 1:5000 scale maps with Im contours and accurate
measurements of the channel dimensions in 30-meter intervals with the technique described in 3.2.
The whole model was built and run in a GIS interface.

3.6. Uncertainties

One source of uncertainty is connected with the fact that the state of vegetation affecting flow
conditions at the time of each flood could not be accurately known. For this reason today’s flow
conditions were used in discharge calculations. With regard to the channel dimensions it is
consider safe to assume that channel measurements are the same because its bedrock nature
wouldn’t allow significant changes in a few years time. In addition, several of tree specimens were
partly destroyed by a wildfire in August 2009 and therefore dating of some of the injuries as
mentioned in 3.4 was impossible.

Figure 4 - Extracting samples using an increment borer (a), by a specific sampling approach
illustrated on a schematic cross section of a tree trunk (b).

4. Results and Discussion

Discharge values indicated by each flood scar were calculated with the use of Gauckler-Manning
formula between 17.1 m?/s, and 84.9 m*/s (Table 1).
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Table 1 — Calculation of discharge (Q) for each impact location based on Manning formula

and according to the channel parameters.

Location
Name A (m?) P (m) S (m/m) n Q (m%/s)
X1 11.1 15 0.04 0.128 14.3
X2 Speciment destroyed completely during the course of research, due to a
wildfire
X3 25.3 | 17 | 00349 |  0.143 | 429
X4 Speciment destroyed completely during the course of research, due to a
wildfire
X5 21.9 14.7 0.0305 0.119 41.9
X6 28.6 23.1 0.03143 0.079 74.2
X7 25.7 229 0.0325 0.064 78.1
X8 25.1 19.5 0.0325 0.093 57.5
X9 19.1 20.2 0.0278 0.09 34.1
X10 Speciment destroyed completely during the course of research, due to a
wildfire
X11 243 18 0.0186 0.081 50.1
X12 14.4 14.1 0.0186 0.0736 26.9
X13 26.3 15.4 0.044 0.113 69.5
X14 23.3 20.1 0.0494 0.071 80.4
X15 19.8 23 0.032 0.059 54.3
X16 20.4 20 0.0571 0.058 84.9
X17 20.8 23.5 0.0303 0.097 34.6
X18 20.6 15.7 0.0303 0.129 334
X19 15.7 13 0.0303 0.181 17.1
X20 29 19.9 0.036 0.13 54.5
X21 20.4 18.9 0.0421 0.144 30.5
X22 20.5 14.6 0.0415 0.083 63.2

Tree-ring analysis lead to the determination of impact year, in 9 out of 22 samples identifying
three distinct flow episodes in 1996, 1998 and 2001 (Figure 5).

Analysis showed that the 2001 event presented the highest calculated flow value (84.9 m¥/s)
(Table 2), indicating for the first time in this ungauged catchment the magnitude of flood episodes
locally. Based on this value and with the aid of hydraulic modeling the study was able to
determine the extent of flooding across the Marathon plain, delineating in this way the active part
of the floodplain and determining the human infrastructure that is developed in this flood-
susceptible area (Figure 6). In addition, the simulation calculated and visualized the depth of
floodwaters for the 2001 scenario. This information can be valuable to estimate damage cost of
future flooding in the area. Both flood extent and depth data improve our knowledge on the local
flooding problem and can be used to define a long term strategy for flood risk mitigation planning,
by illustrating its priorities, by identifying the flood-susceptible areas and by quantifying the
impact of flooding. For verification purposes simulation results were compared with 2001 flood
damages showing good correlation.
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Figure 5 — Core samples extracted from scarred specimens in which determination of impact
date was plausible. Impact year is appearing in red indicator, whereas scar codename
appear in black rectangular in the left side of the image.

Table 2 — Date and discharge values indicated by 9 out of 22 impact scars.

Impact location Year of impact Discharge values (m?/s)
X6, X19 1996 17.1-74.2
X9, X13 1998 34.1-69.5
X3, X5, X16, X17, X22 2001 34.6-84.9

Figure 6 — Hydraulic simulation of 2001 flood discharge across Marathon floodplain showing
water extent and depth, and the 2001 flood damage locations.
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5. Conclusions

This work examines a series of flood impact scars along the ungauged torrent of Rapentosa, near
Marathon in Greece. Based on hydraulic conditions and channel dimensions, this study manages to
calculate discharge values reaching up to 84.9 m*/s and identifies through tree-ring analysis at least
three distinct flood events in 1996, 1998 and 2001. With the aid of hydraulic modelling, flood
extent and water depth of the 2001 event are simulated and compared with historical flood
damages, showing good correlation, verifying in this way the results of the analysis. The technique
was proved to be a useful tool for determination of discharge values in ungauged catchments,
delineation of the active floodplain and the physical characteristics of floodwaters as a basis for
flood risk studies.
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