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Abstract. We analyse the flood event of 8 July 2002 that highway was constructed over the lower reach of Kifissos,
caused overflows over portions of the lower reach of the Ki-transforming it to a closed channal fipe for about 10 km.
fissos River/Canal. The storm covered only the lower basin We analyse the flood event of 8 July 2002 that was gener-
area and was concentrated on the centre and the southwestied by the most severe storm that occurred over the Athens
side of Greater Athens. The issue that stirred the public opinBasin in the summer of 2002. That storm caused not only
ion was whether the hydraulic works underway in lower Ki- street flooding locally, but also, importantly, overflows over
fissos at that time were responsible for the overflows. Weportions of the lower reach of Kifissos. Whether the hy-
explore this issue with the hydrologic-hydraulic model of draulic works underway in lower Kifissos at that time were
the Kifissos basin TELESIM. To shed light on the probable responsible for the overflows stirred the Greek public opin-
cause of the observed flooding, we ran TELESIM for two ion and stimulated a debate in the engineering community.
rain-field scenarios derived from the recorded point-rainfalls,The system conditions were uncertain with respect to the
computing flows for each scenario. Depth profiles for chan-channel geometry (possible flow obstruction) and the rain
nel conditions without obstructions do not explain the ob- field, therefore, a forensic-type analysis of the system be-
served flooding. With the channel taken as locally obstructechaviour was required. This was undertaken with the cali-
by flow-area reducing ramps plus bed-debris, estimated nombrated/validated hydrologic-hydraulic model of the Kifissos
inal overflows (bank-full level is threshold, but the water river basin TELESIM (Koussis et al., 2003).

stays inside the channel) compare well with actual ones for

the milder rainfall scenario. Hence, the simulations support ,

as plausible the hypothesis that flow obstructions due to thé 1he Physical system

construction caused the overflows. The Athens Basin (430 kfn is surrounded by the mountains

Parnis (1400 m) to the north, Pentelikon (or Penteli) (1100 m)
to the northeast, Hymettos (1000 m) to the east and Aigaleo
1 Introduction (400 m) to the west; it also includes several hills (200—-300 m)
and drains to the sea by the largely canalised streams Kifis-
The rapid expansion of the metropolitan area of Athens (pop-sos and Ilissos. Our study concerns the Kifissos River Basin
ulation increasex1.4 million (1950),~3.7 million (2000)),  shown in Fig. 1, a compactly shaped, 372%rhighly ur-
with the attendant sealing of the soil surface, has reducedbanised basin located in moderate to steep terrain. Hydraulic
the opportunity for rainfall infiltration and enhanced the works have been carried out in Kifissos itself since 1900,
runoff potential. As a consequence, the city has become inmostly in the 10 km closest to the sea (and later in certain of
creasingly vulnerable to flooding. Several incidents of se-its main tributaries near their confluences with Kifissos); in
vere flooding occurred in the 1990’s. In preparation for the that reach Kifissos is an artificial channel with no floodplains.
2004 Olympic games, the Greek administration took dras-The hydraulic works that were concluded in 2004 started in
tic measures to handle the difficult traffic conditions in the 1972 and were constructed based on a study of 1971 (Sar-
metro-complex. One such measure affected the Kifissosos, 2004). But these works do not comprise a coordinated
River/Canal that drains most of the Athens Basin contain-flood control system because they have been constructed in
ing the City of Athens and most adjacent municipalities. A response to specific road transportation needs. The latest and
most radical intervention was the construction of a highway
on top of the last-10 km of Kifissos.

Correspondence toA. D. Koussis
(akoussis@env.meteo.noa.gr)
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Fig. 1. Athens Basin and rainfall stations.
3 The flow model evaluate these, we added to TELESIM a hydraulic model

of the Prophitis Daniel Canal, after the completion of the
The analysis is performed with the hydrologic-hydraulic TELEFLEUR project (Koussis, 2001).
model TELESIM (Koussis et al., 2003) of the Kifissos basin
that models explicitly 22 km (13 km through densely popu- ; : .
lated areas) of the Kifissos River/Canal. The model consider y the hydrpmetrlc n(_en{vork established dgrlng th? TE'.‘E'
11 major streams and sub-basins explicitly, dividing the basin LEUR. prqj'ect, consisting of 8 row-mgtenng stations n-
according to topography and land use in 50 (208 Bjmat- stalled in Kifissos and near the outlets of its major sub-basins.

ural sub-basins and 46 sub-basins (163 Jwith engineered These monitoring stations measured water level and velocity,

storm drainage network. The engineered storm drainage Sysc_alculated flow rate and logged the data. Velocity was mea-

tem is not modelled in the detail of trunk lines; rather, a sured with one or two pairs of acoustlc.se_nsors, depending
on water level. The complete flow-monitoring network op-

lumped approach provides the flows to the streams. The rated only during the TELEFLEUR project and much of it

storm flows are routed through the main channels. Watef ) :
levels are calculated for stream reaches where the geomet as dismantled after 2001. Therefore few hard data exist for
e flood events of the summer of 2002.

is specified; these are the Kifissos Channel and the reaches
its main tributaries near the sub-basins outlets. The Prophitis Nevertheless, the issue of whether the hydraulic works un-
Daniel Canal, which drains the Athens Centre, also receivingderway in lower Kifissos at that time caused the overflows
its combined sewer overflows, has been treated in detail beeould still be explored through a hydrologic-hydraulic anal-

cause it experienced overflows in the summer of 2002. Toysis of the system with TELESIM. The analysis compares

TELESIM was calibrated and verified with data collected
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Geoponiki Rainfall Distribution
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Fig. 3. Rainfall distribution at Geoponiki Station, near the Athens
City Centre.

5 The flood of 8 July 2002

Along with a basin’s physical characteristics, a storm’s ex-

Fig. 2. Image from the NOAA satellite N16 — AVHRR,=11.5—  tent, location, intensity and duration are determinant factors
12.5pm. of the runoff. Based on the above storm data, besides the
documented phenomena of local street flooding, e.g. in the

i . City Centre, the observed high flows in the Prophitis Daniel

the overflow thresholds in a flow-obstructed channel with channel are expected. In contrast, flows should be low in the
the pre-constructiomegular flow conditions, for the same  yaior tributaries of Kifissos, Podoniftis and Eschatia/Fleva,
rainfall derived from two rain field scenarios. This engineer- ,qre so in the former. as the latter carries also the flow of
ing study sheds light on the probable causes for the observeghe \ichelis Stream that drains the area of Petroupoli in the

flooding, on the basis of quantitative estimates, derived fromgq, thyest part of basin, entering the Fleva Channel just up-
a rational approach that also considered uncertainties in thgeam of its confluence with Kifissos (locations shown in

field. the schematic of Fig. 4). Consequently, the flows in Kifis-
sos upstream of km-station 9+000 should be rather low. The

4 The storm of 8 July 2002 problem is thus framed as followgire the storm drainage
inputs downstream of9 km, mainly of the streams Maska

From the data of Table 1 and the map of Fig. 1, it is evident(km-station 6+320), Nikaia (km-station 2+796) and Prophi-
that the storm covered only the lower quarter of the basintis Daniel (km-station 2+300), sufficiently large and timed
and was concentrated on the centre and the southwest side 8fich as to cause the overflow of lower Kifissos, had the chan-
the city. The mean density of rain gauges-is5 knf/gauge ~ nel not been obstructed by the construction activities in the
in the lower 30% of the basin. Composite hyetographs forreach? And if not, what reduction of the cross-sectional area
the distributed runoff computations were prepared from thecauses overflow?

recorded point-rainfall via Thiessen polygon weighting. In-

stability of the lower atmosphere induced the 8 July 2002 ) ) B

storm. Figure 2 was created from observations of an AvHRRS  The simulations of the Kifissos flood of 8 July 2002

sensor on board the NOAA satellite N16; it shows the cloud )
coverage at channel 5=11.5-12.5.m, a far infrared wave- TELESIM generates runoff from natural areas via the Curve

length. In that image, taken over Athens at 12:08 UTC, White’\lumber method of the US Soil Conservation Service (SCS,

pixels correspond to cold cloud top (clouds with high vertical 1985) and from sealed areas via the concept of discharge co-

extension such as thunderclouds). According to information€fficients. Then, a flow routing procedure, based on a se-

from a network of amateur weather observers communicated' S of Iinear_ re_servoirs, determines the discharges along_ the
over the Internet, rain mixed with hale fell at various loca- ch@nnels (Pilgrim and Cordery, 1992). Flood stage profiles

tions sporadically. That storm was intense (e.g., of the totaP'® calculatgd by the standard-ste.p method (e.g. Hepderson,
depth of 94.6 mm recorded at the Agricultural University of 1966)’ treating the f_Iow at each tlme step as quasi-steady,
Athens, located near the City Centre, 67 mm (71%) fell in with the mean of the in- and outflow in each channel segment

one hour (Fig. 3)), but cannot be characterised as extrem@S discharge at every time level. Since the channel discharges
based on the total storm depths. are calculated prior to, and thus independently of the depth

profiles, no provision for loss of overflowing water is made.
Overflow is indicated by a higher than bank-full stage in a
section with fictitious vertical sides above bank-full level and
is thus nominal. The water is retained inside the channel at
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Table 1. Areal rainfall distribution of the storm of 8 July 2002.

Station Name Organisation Storm Depth (mm)  Location
Geoponiki Agricultural University 94.6 City Centre
NOA-Thesseion  Natl. Observatory Athens 91.2 City Centre
Peristeri M-EPP & PW 62.5 Southwest
Aigaleo M-EPP & PW 105 South-Southwest
Pireaus Natl. Meteo. Service 22 Satith

Nea Philadelphia  Natl. Meteo. Service 2.3 Centre of basin
Zografos Natl. Tech. Univ. Athens 37.8 East
NOA-Penteli Natl. Observatory Athens 7.8 Northé&ast

Tatoi Natl. Meteo. Service 0.4 North

1 Ministry for the Environment, Physical Planning & Public Worksslightly outside of the basin.

Upper Kifissos Flow hydrographs: lower Kifissos Canal & major tributaries
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Fig. 5. Rainfall Scenario 1: Simulated flows in the Kifissos River
and its tributaries.

Piraeus Str. (1+155 km) ——»

Peak flow 265 m®/sec 1+000 km ) . . .
[~ RRBridge (0+892 km) tion. Scenario 1 did not produce overflow anywhere along
| the lower Kifissos (as described below, there was overflow in
[~ Lambrou Katsoni Str. (0+475 km) the Prophitis Daniel tributary, but that sub-basin’s runoff is

not affected by the rainfall at the Aigaleo gauge); the flow at
the Piraeus Street Bridge peaked at 26%mWith the rain-
Fig. 4. Schematic of the Kifissos drainage network and calculated!caII of Scenario 2, the peak flow at the Plr.aeus Street Brldge
T ) . ; increased to 300 fs, but created only an isolated, marginal
peak outflows from the sub-basins for Rainfall Scenario 1. ) . oo
overflow there; nowhere else did the lower Kifissos Canal
flood. These results give credence to the flow-obstruction
thesis that we pursue further with the milder rain Scenario 1
all times; downstream flows are thus overestimated. Hencepelow, to underscore the strength of this hypothesis.
if no overflow is predicted downstream, it is unlikely that  Figure 5 shows the simulated flows for rainfall Scenario 1.
it could actually occur; conversely, if an overflow did occur At Agias Annes Street Bridge, km-station 2+790, the peak
downstream, the reason for it should be investigated furtherflow rate was only 144 s, as the upstream sub-basins con-
To test the uncertainty from a possible under-representributed expectedly little to the flood (Fleva 4G#s, mostly
tation of the true rain field by the rainfall synthesised by the flow of Michelis, 32.5nd/s; Maska 58 #s). In contrast,
Thiessen polygons, we varied the timing of the rain at thesignificant were the peak flows of the streams of Nikaia and
Aigaleo gauge, where only the total storm depth was meaof Prophitis Daniel at 115.5 s and 75.5 i¥s, respectively,
sured. This is the largest rain recorded and determinant foPoth entering Kifissos downstream of the Agias Annes Street
the runoff from the Nikaia sub-basin. We considered two Bridge. At the Piraeus Street Bridge the flow peaked at
rain distribution scenarios: (i) synchronous with the Peri- 265 n7/s.
steri station and (ii) synchronous with the Geoponiki sta-

-+ 0+000 km



K. Mazi and A. D. Koussis: The 8 July 2002 storm over Athens 305

The hydraulic simulations confirmed the observed over- Prophitis Daniel Stream - Max. Water Level at 18:00 LT
flow of the Prophitis Daniel Channel (Fig. 6a); the water
level exceeded the height of the banks owdi65 m, start-
ing ~760 m from its confluence with Kifissos. Cause for
the overflow is a constriction at km-station 0+763, where an Water Level
obliqgue 1m-high wall reduces the channel width b$0% j
within 10 m and the downstream channel is split in two sec-
tions by a flow-aligned wall over-40m. According to | @
a rough hydraulic estimation, this constriction reduces the
flow conveying capacity of the Prophitis Daniel Channel o os . 5 2 25 s 35
to ~45mP/s (compared to~70 /s without constriction). Length (km) (a)
There is thus a certain computational excess flow to Kifissos Kifissos River - Max. Water Level at 16:45 LT
but it does not affect the peak flow downstream because o 1  —WtinFree Channel
the timing of the hydrographs (see Fig. 5). 121 ——WLin Channel w. Obstructions

Depth profiles computed for the unobstructed Kifissos2
channel (cross-sections updated for that stage of construce
tion) show the stages remaining throughout below bank-fullé
level; the highest watermark is 3 cm clear of the banks imme-2
diately upstream of the Piraeus Street Bridge, at km-statior
1+116. Previous hydraulic design studies have shown tha
the flow-conveying capacities at the old bridges across Ki- 05 . 15 ) e
fissos were far less than the upstream channel’s; for exam Length (km) (b)
ple, the old metal Piraeus Street Bridge could convey almost
300 /s, about half as much as its upstream channel (be- . _ » _
fore its widening) for~1km. Under these circumstances, -9 8- (2)Simulated water levels for Prophitis Daniel Streg(ts)

. . Simulated water levels in Kifissos, for unobstructed flow and for
the model-estimated 265%s cannot explain the observed obstructed flow
extensive overflows (and, as we saw, neither can the more '
intense rainfall Scenario 2).

The observed overflows should therefore be attributed taof Agios loannis Street), in the vicinity of the Piraeus Street
flow obstruction in the Kifissos channel. Such obstructionsBridge, the three bridges around km-station 0+900 and in the
could have been caused by debris from the then-ongoing corarea of the Lambros Katsonis Bridge near km-station 0+500
struction works in the last 3 km of Kifissos and from access(for locations, see again the schematic in Fig. 4).
ramps inside the channel, for the trucks and for the earth-
moving equipment. Construction debris and ramps were vis-
ible in the channel of Kifissos at that time and overflows 7 Conclusions
were reported over the reach from km-station 0+475 (Lam- , . -
bros Katsonis Bridge) to km-station 2+280, at the north edgeThe goal of this study was to contribute to the scientific de-

of the Rentis Produce Market near the entry of the Prophi_bate about the causes of an event that attracted public atten-

tis Daniel stream (see the schematic of Fig. 4). We exploret'on’ and not to model the flooding conditions in Kifissos on

these issues, using again the first rain scenario, by raising th% July 2002 e>l<3acbtlly ;\/Iodelhr;_g vlva_s used as _aforerfls;]cs ft|00|d
channel bed by 0.1 m from km-station 0+750 to km-station 1© Screen probable from unlikely interpretations of the floo

2+300, immediately downstream of the Prophitis Daniel _event. In that sense, the presented flow analysis showed that

Kifissos confluence, and by lateral constrictions at four sec-the ﬂOW_S generated _from th_e recorded Ta'”fa”' wh|ch was
tions. synthesised in two different input scenarios for the rainfall-

This modelling approach is approximate. First, it consid- runoff simulations, were not sufficient to cause overflow of

ers the debris to remain attached to the channel bed. whejhe unobstructed Kifissos Canal (except for a marginal over-

in fact, the floodwaters eroded some loose material (but th lPW "’%t a smgle cross-section, when the rainfall was artifi-
actual debris thickness was more than 10cm. and, in addi(_:lally intensified). In contrast, the TELESIM analysis repro-

tion, the presence of suspended load in the water columrquced quali_tgtively the_ observed ph_enomena Of. floodi_ng in
increases flow resistance). Second, the lateral obstruction@e '°W.ef Kifissos Basin on th_e .baS'S.Of a plau5|b!e r.amf.all

were modelled as four one-sided restrictions, representinGce"aro and reasonable restrictions (in size anq d|str|but_|on)
isolated ramps, with dimensions height 3m, width 5m and®f the channel from the then ongoing construction: the sim-
length 50 m. These simplified representations notwithstangy'ations confirm the overflow of the Prophitis Daniel stream

ing, the computed water level profiles shown in Fig. 6b give and the extensive overflows of Kifissos in the reach between
clear indication of the flow blockage required to rationally km-stations 0+500 and 2+000.

explain the overflows observed along the riverfront of the

Produce Market at Rentis (from the RR Bridge to the Bridge

35 1
30 1

Channel Bed

Elevation (m aMSL)

L

/ Debris 10cm / ()
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