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Introduction

O Engineering studies in Greece utilize rather outdated or simplistic
rules-of-thumb

Rational method (design of urban drainage networks, road drainage
systems and flood-protection projects in rural basins of small and medium
scale, where return periods of 5 to 50 years are assigned).

Application of Unit Hydrograph (UH) theory in some engineering studies.

Event-based models, such as the HEC-HMS and HEC-RAS, are less often
used, for the hydrologic design of large projects, such as spillways, bridges,
etc., which are designed for higher return periods.

There is no experience with continuous simulation tools and stochastic
models, in practical applications.

O Research approaches for flood modelling (UTH, NTUA)

Event-based models for flood frequency analysis (Loukas, 2002);

Continuous flood modelling and flood frequency assessment, for gauged
and ungauded watersheds (Loukas and Vasiliades, 2003);

Stochastic rainfall models coupled with continuous hydrological models
(Efstratiadis et al., 2009; Efstratiadis and Papalexiou, 2010).
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Flood frequency estimation by a derived
distribution procedure for ungauged basins

O Stochastic rainfall generation model

m The 24-hour storm can be used as the representative storm in
absence of more detailed observed data

m Storm depth is assumed to follow the Extreme Value type I (EVI)
distribution

O Rainfall-runoff watershed model

m Event-based model, which uses a linear reservoir routing technique
and simulates the fast runoff with a series of cascading linear
reservoirs and the slow runoff with one large reservoir

O Data requirements

m The method requires information about hydrology and topography
of the watershed area, estimated from data measured in the field or
estimated from rainfall and topographical maps.
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The derived distribution procedure

O Employs a Monte-Carlo
simulation for estimating:

m peak hourly discharge;
m peak daily discharge;
m  peak flood volume.

O The procedure was tested to
eighth gauged forested coastal
British Columbia watersheds.

O The watersheds should:

® be mainly rain-fed watersheds;

m have natural flow, with no man-
made storage impoundment;

m have negligible natural lake
storage;

m have long enough flow records to
allow for statistical analysis.

INPUT P

2ah”

24m

Ll
) /\
RAINFALL SIMULATION anl;l'ablllty

WATERSHED RESPONSE

SIMULATION | KF={(E ig Kav, 5H k Mash's n) |

AN

N simulations 7

Prabability

Mo

DERIVED DISTRIBUTIONS

Probability

Peak Hourly Flow

+f

Peak Daily Flow

Probability

+f

Flood Yolume

Probability

B o pocedures for Flood Freauensy nmaton VWV G=3: Use of rainfall-runoff models for flood frequency estimation in Greece




Results from event-based modelling
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Flood frequency results for North
Allouette River basin: (a) hourly
flows, (b) daily flows, (c) flood volume

Watershed 9% Difference between simulated and extrapo-

lated EVI flows

Return Period (years)

25 50 100

Hourly peak flow {m”/s)
Capilano 11.9 14.6 14.8
Carnation -8.9 -0.1 -7.2
Chapman 59 79 9.0
Hirsch -36 —-32 -5.1
Noith Allovette  —1.4 -0.03 1.7
Oyster 232 229 26.6
San Juan 14.0 143 18.1
Zeballos 15.2 16.1 19.9

Daily peak flow (m*/s)
Capilano ~-3.0 ~-3.38 ~-4.5
Carnation 4.2 77 3.3
Chapman 4.3 4.3 39
Hirsch -5.0 —8.3 -10.3
Noith Allosette —6.3 ~57 ~-4.7
Oyster -4.0 —6.5 =70
San Juan -10.0 —-16.5 -17.3
Zeballos -9 ~4.6 ~6.5

Flood volume (mm)
Capilano -19.9 —-21.2 -22.6
Carnation 7.8 6.8 6.1
Chapman 22 1.2 ~1.0
Hirsch 5.0 3.1 —0.04
North Allowette 9.8 -9.1 8.6
Oyster ~6.4 ~-98 ~11.6
San Juan -16.2 -194 -21.6
Zeballos ~7.5 -9.0 —-10.6
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The UBC model for continuous simulation

O Use of the UBC watershed model for streamflow modelling and flood
frequency estimation.
O Regional application of the UBC model for ungauged watersheds

m Use of a universal set of parameters for water allocation and flow routing,
and the precipitation gradients estimated from annual meteorological data
as well as information on the distribution of orographic precipitation

m Typical EV analysis for assessing flood frequency
O Rainfall-runoff watershed model

O Application of the UBC model for poorly-gauged watersheds

m Coupling the regional application of the UBC watershed model with ANN’s
for runoff simulation with limited streamflow measurements

m Typical EV analysis for assessing flood frequency

O Application to four mountainous watersheds having various climatic,
physiographic and hydrological characteristics.
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The UBC watershed model

O

The model conceptualizes the watershed as a number of elevation
bands.

Model inputs are daily precipitation and minimum and maximum daily
temperature, from a number of meteorological stations.

The model distributes the input data over the elevation range of the
watershed, using precipitation gradients and temperature lapse rates.

A simplified energy balance algorithm is used to compute the
accumulation and melting of the snowpack.

The runoff from rainfall, snowmelt and glacier melt is distributed into
four runoff components, is achieved with a soil moisture control
mechanism.

The linear reservoir routing technique is used for the calculation of each
runoff component.
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Flowchart of the UBC model
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Coupling of regional UBC model outputs

with ANNs

O The seven runoff

components are
used as input
nodes of ANNs
(input layer).
The watershed
runoff is the

output node of
ANN:S.

The methodology
is applicable to
watersheds with
limited streamflow
data.
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Results on model performance

O Statistics for the two proposed methodologies for ungauged watersheds
and watersheds with limited data for streamflow simulation

Methodology for Methodology for watersheds
. ungauged watersheds with limited data
Hydrologic

baiiod Eff R DBV(le | FIf R>  DV(%)

Upper Campbell Watershed
Period 1983-86 0.72 0.73  -7.80 0.82 0.82 -0.69
Period 1986-90 0.68 0.68 -3.93 0.68 0.70 0.47
Illecillewaet Watershed
Period 1970-73 083 092 1203 0.97 0.97 -0.04
Period 1973-90 0.83 0.91  15.09 0.90 0.91 211
Yermasoyia Watershed
Period 1986-89 0.78 0.78 14.94 0.91 0.91 2.71
Period 1989-97 0.69 0.74 8.91 0.80 0.81 -4.15
Astore Watershed

Period 1979-82 076 081 610 0.94 0.94 -1.40
Period 1982-88 059 0.64 -7.87 0.79 b Y a5
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Flood frequency estimation

Illecillewaet watershed, Canada

Yermasoyia watershed, Cyprus
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Remarks on using the UBC model for
continuous simulation

O The regional application of the UBC model should be applied with
caution in watersheds with ditferent runotf producing mechanisms.

O The estimation of the model parameters requires good knowledge of the
study watershed (area, elevation bands, vegetation coverage, soils, etc.)
and enough meteorological data to estimate the precipitation
distribution over the elevation range of the watershed or information
about the orographic precipitation gradients across the watershed.

O Given that runoff data are available, the coupling of the UBC regional
model with ANNSs provides a good alternative to the classical
application (UBC calibration and validation), without the need of
optimizing UBC model parameters. This method is proposed for
watersheds having limited streamflow data for successful streamflow
modelling and estimation of flood frequency.
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Coupling of a stochastic rainfall model with the
HYDROGEIOS model for flood risk assessment

O Why a stochastic rainfall model?

m The conventional methodology based on the use of “design storms” fails to
properly represent the variability of precipitation, given that the temporal
and spatial correlations of the historical records are not represented.

m A multivariate stochastic model is essential to preserve the key statistical
properties of rainfall (including auto and cross-correlations, probability dry).

O Why a continuous simulation model?

m Event-based approaches do not interpret flood risk as joint probabilities of
all hydrological variables that interrelate in runotf generation (e.g. stream-
aquifer interactions, soil moisture accounting).

m Calibration against normally few flood events, which is at least questionable.
O Why a conjunctive model?
m The contribution of baseflow may be significant (karst areas).

m In modified hydrosystems, the existence of human interventions (hydraulic
works and abstractions) drastically affect the hydrological cycle.

WG-3: Use of rainfall-runoff models for flood frequency estimation in Greece 13

=~~~ European Procedures for Flood Frequency Estimation



Study area: Boeoticos Kephisos basin

O Drains a formerly closed area of 1850 km?, whose flows are conducted to the
neighbouring Lake Yliki (major reservoir for the Athens water supply).

O Due to the dominance of highly-permeable geologic formations, almost half
of runoff derives from karst springs, which rapidly contribute to the
streamflow, in contrast to the unusually low contribution of flood runoff.

O Due to the combined abstractions from surface and groundwater recourses
and the existence of an artificial drainage network in the lower part of the
basin (where slopes are noticeably low), the system is heavily modified.

O Data for flood modelling

m Point rainfall data at 13
stations;

*

m  Mean daily discharge Sykea
series at the basin outlet;

m Sparse flow data along the river
course and downstream of the main
karst springs;

m Lack of detailed hydraulic data (cross-

section geometry, stage-discharge
curves), apart from the basin outlet.

agin outlet
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Generation of synthetic daily rainfall

O A multivariate stochastic rainfall model is developed that reproduces:
m the seasonal (monthly) variation;
m the probability dry;
m the mean and the variance of the marginal distribution,

m the power-type asymptotic tail of the distribution, which is strongly related
to frequent occurrences of extreme events;

m the lag-1 autocorrelations;

m the lag-0 and lag-1 cross-correlations among the stations.

O The methodological framework comprises:

m a Multivariate Auto Regressive (MAR) model to generate normal
multivariate cyclostationary random variables, to preserve the auto- and
cross-correlation structure as close as possible;

m a general technique for transforming the normal variables to variables
exhibiting the rainfall characteristics at each station and month.

O The model was used for generating 1000 years of point daily rainfall at
13 stations, next aggregated to the appropriate spatial scale (sub-basin).
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The HYDROGEIOS modelling framework

O Surface hydrology module (daily time step)

m  Semi-distributed schematization;
Conceptualization through three interconnected tanks;
Inputs: daily rainfall and PET, varying per sub-basin;

Parameters: 7 per hydrological response unit;

Outputs: evapotranspiration, percolation and runoff.

O Groundwater module (daily time step)

m  Finite-volume approach, aquifer discretization to a
limited number of polygonal cells of flexible shape;

m  Darcian representation of flow field;

m  Stress data: percolation, infiltration, pumping;

O Water allocation module (daily time step)

m  Representation of water uses and main hydraulic
structures;

m  Step-by-step estimation of unknown flows and
abstractions through a linear optimization approach.
O Flow routing module (hourly time step)

m  Construction of hourly-resolved inflow hydrographs,
through an empirical disaggregation scheme;

m  Flow routing (kinematic-wave or Muskingum model).
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Evaluation of flood risk through simulation

Q) Q0 200
soo foooo] —Sim. discharge st Aufikleis @38 |-ooo. .. S | — Simn, discharee at Anthohai (m3s) |_ _______ 0 1~~~ — St discharge at Agios Viasdios Edf3 |-----1
T R UG UECEEEEEEEEEEEEEEEEEEEE PR R EaECEEEEEEEEEEEE PR, I R GECECEE EEEEEEPEPEPEEEPEPEEEEEE,
) S S S S S S S S S S S S SSSS S i ST PSS S S SIE| SIS S S S S S SRS | S ST S S| SIS S S S S S S S S SR
B0 m o L R LR L P PR PP L L PR R OO mm oo e o
B EGELECEE L L L R L L R R LR EEEEEEPEEE B e EEELGLEEE LT CEEE PR PR PR PP PR, B ECECEEEEEEEEEEEE EEEE PP EPE R EPEPEEREEE,
) S S S S S S S S S S SRS 5 ST S PSS S SIS | S S S S S S S S S S SSS SO S S S S S| SIS S S S S S S SR
L e e R R PP, 200 1
00 o oo 1o

o Lk Y SO Y| o

10
= lo—l |
s 5
£ 5
£ 107 Simulated
2 e, .
3 E mean daily
g 107k Seais a _ T discharge

N\ N Theoretical distributions
to~'r C &\ 11" for mean daily flow at
100 10 e S Y characteristic cross-sections

Daily discharge (m?/s)

FLOODIRER WG-3: Use of rainfall-runoff models for flood frequency estimation in Greece 17

rL. 18
=~~~ European Procedures for Flood Frequency Estimation



Relevant publications

O Efstratiadis, A., A. Mazi, A.D. Koussis, and D. Koutsoyiannis, Flood modelling in complex hydrologic systems with sparsely
resolved data, European Geosciences Union General Assembly 2009, Geophysical Research Abstracts, Vol. 11, Vienna, 4157, 2009.

O Efstratiadis, A., I. Nalbantis, A. Koukouvinos, E. Rozos, and D. Koutsoyiannis, HYDROGEIOS: A semi-distributed GIS-based
hydrological model for modified river basins, Hydrology and Earth System Sciences, 12, 989-1006, 2008.

O Efstratiadis, A., and S.M. Papalexiou, The quest for consistent representation of rainfall and realistic simulation of process
interactions in flood risk assessment, European Geosciences Union General Assembly 2010, Geophysical Research Abstracts, Vol. 12,
Vienna, 11101, 2010.

O Loukas, A., and M.C. Quick, Hydrologic behaviour of a mountainous watershed, Canadian Journal of Civil Engineering, 20(1),
1-8, 1993.

O Loukas, A., and L. Vasiliades, Peak flow estimation in ungauged watersheds, International Workshop on Hydrological Risk, 24-25
October 2003, Bologna, Italy, 333-352, 2003.

O Loukas, A., and M.C. Quick, Spatial and temporal distribution of storm precipitation in south-western British Columbia,
Journal of Hydrology, 174, 37-56, 1996.

O Loukas, A., and M.C. Quick, A 24-hour design storm for coastal British Columbia, Journal of Hydrologic Engineering, 121(12),
889-899, 1995.

O Loukas, A., Flood frequency estimation by a derived distribution procedure, Journal of Hydrology, 255(1-4), 69-89, 2002.

O Loukas, A., M.I. Khan, and M.C. Quick, Aspects of hydrological modelling in the Punjab Himalayan and Karakoram Ranges,
Pakistan, XXVII General Assembly of the European Geophysical Society, Geophysical Research Abstracts, 4, Nice, France, 2002.

O Loukas, A., L. Vasiliades, and N.R. Dalezios, Flood producing mechanisms identification in southern British Columbia,
Journal of Hydrology, 227(1-4), 218-235, 2000.

O Papalexiou, S.M., and D. Koutsoyiannis, An all-timescales rainfall probability distribution, European Geosciences Union General
Assembly 2009, Geophysical Research Abstracts, Vol. 11, Vienna, 13469, 2009.

O Papalexiou, S.M., and D. Koutsoyiannis, On the tail of the daily rainfall probability distribution: Exponential-type, power-
type or something else? European Geosciences Union General Assembly 2010, Geophysical Research Abstracts, Vol. 12, Vienna, 2010.

O Papalexiou, S.M., and D. Koutsoyiannis, Probabilistic description of rainfall intensity at multiple time scales, IHP 2008 Capri
Symposium: “The Role of Hydrology in Water Resources Management”, Capri, Italy, UNESCO, International Association of
Hydrological Sciences, 2008.

WG-3: Use of rainfall-runoff models for flood frequency estimation in Greece 18

=~~~ European Procedures for Flood Frequency Estimation



