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Introduction

This manual is intended as a tutorial for the implementing spatialized hydrological
models. ATHYS software provides a homogenous and-fusedly environment for
implementing spatialized modetsver a broad range of watershed®mparing their
efficiency, and making sure they match target applicatiomesource, risk or impact
surveys. ATHYS comprises 4 modules, of which 3 are documented in this manual, the
MERCEDES modelling platform, the VISHYR module for the processing of
chronological data, the VICAIR module for the processing of spatialized geographical
data.

In addition to describing the technical aspects of the software, the other aim of this
training manual is to question rainfallnoff modelling in general and spdizad
modelling in particular. For some readers, the manual will be a reminder, while for others,
it will introduce modelling and provide a description of different models, and to some
extent give the pro and cons. The questions dealing with the usefidndsshe
limitations of spatializednodelsi what being spatialized implies and what it does not, is

it an advantage® are illustrated with different examples to enrich the reflection on
hydrological modelling.

Note 1: Contributors. The manual was writtdby Christophe Bouvie(HSM/IRD),
(HSM/IRD), Anne Crespy (IRD/HSM)Agnes Crés (HSM/IRD), Francelsoél Creés
(PolytechdMontpel l i er) ,con@ibuted tieither deDalopingl i n
the software, writing the manual, or translating it into EsfglThe following reference
should be cited:

Christophe BOUVIER, Anne CRESPY, Agnés CRES, Franmél CRES, Claudine
Dieulin, 2020 Distributed rainfalrunoff modelling with ATHYS software. Case of the
Gardon catchment at Anduze. HydroSciences Morngped9 pages.

Note 2 Documentation. A wider technical information is embedded within the software,
as HTML pages available after downloading the software. This technical information will
give useful help to the users, in complement of the training rhanua

Note 3 Acknowledgements. The implementation of ATHYS would not have been
possible without the support of the Department of Environment and Sustainable
Development and the one of the Central Hydrometeorological (SHAPI), who financially
supported the pject, participated in the scientific and technical decisions and provided
most of the data used in this manual. We are grateful to the people who supported us.

Note 4 The information and results included in this manual are designed for educational
purpcses only, and the scientific results cited should not be considered as final. The
authors cannot be held responsible for any use of this manual other than educational.



1. GENERAL CONSIDERATIONS ABOUT MODELS

1.1 Definitions and objectives

What is a mthematical model?

A set of method of simulating rddke behavior with mathematical equations to
understand and forecast the behavior of a complex system and to forecast future behavior
under stationary or nostationnary conditions.

In the case of aainfall-runoff model, the set of equations links the input variables (or
forcing variable, i.e. rainfall, evapotranspiration, elevation, soil, etc.) with the output
variables (or forecast, i.e. the stream discharges, water tables, etc.), taking intd accoun
the initial statevariables (or internal variables, i.e. moisture in the watershed, vegetation
growth, level of water in the reservoirs etc.) of the system.

Variables d'entrée
PLUIES : — (forgcages)

- hauteurs, intensités
- pluies antérieures
- distribution spatiale

BASSIN :

- types et occupations des sols

- hydrographie et drainage . .

- pentes et relief Variables de sortie

(pronostiques)

ECOULEMENTS : /
- volume

- débit max
- hydrogramme : forme et temps

- niveau des retenues
- humidité des sols
- développement des cultures

Variables d'état
(internes)

Figure1-1

A rainfall-runoff model usually @mprises aproduction function(which turns the
atmospheric rainfall into efficient rainfall i.e., available for runaff) of atransfer
function (which routes the efficient rainfall to the outlet and reconstitutes flood

dynamics).




Plui¢ nette

ction de
ert

Plui¢ brute

Hydrogramme de erue

Figure 1-2(From http://hydram.epfl.ch/elrologig

From avery schematic point of view, a rainfallnoff model aims to estimate a runoff
coefficient (that may vary in spacedanver time) and a routing velocity (that may also

vary in space and over time).

Figure1-3
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Why are rainfatrunoff models useful?

Data concerning river discharges are rare and difficult to measurdalRes more easily
measured and acquired, either in real timpastprocessedThe primary aim of rainfall
runoff models is thus to simulate discharges from available or estimated rainfall values.
By extension, the function of a rainfailinoff modelis to simulate river discharges in any
situation that is not monitored by observations (which is most often the case in practice to
enable):

- Calculation of rare and extreme discharges;

- Calculation of the discharges of ungauged watersheds;

- Forecasting ofidcharges at different dates in the future;

- Forecasting of the impact of a change in climate or in the watershed on discharge.

Another aim of a rainfalfunoff model is to test hypotheses concerning hydrological
processes. An assumed or designed hydicdbdpehavior can be included in a model,
and then tested by comparing it with available 4distharge observations. Assuming the
observations are reliable, if this test fails, the chosen hypothesis will be rejected. If the
test succeeds, the chosen hyyesis will be considered as a possible scenario.

1.2. Types of models

Many different rainfalrunoff models exist, but they can be grouped in families in which
the model properties asimilar.

1) Depending on the nature of the equations used in the matklthe strength of
the link with the physics of the processes, when the link increasegmpirical
models (regression, neural networks); "conceptual” (analogic reservoir) models;
or models physicalipased on fluid mechanics equations.
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Figure 1-4 On the leff GR4J model (https://webgr.irstea.friwp
content/uploads/2013/04/image0021.gif),on the wrght, Mike-SHE model
(https:/iwww.mikepoweredbydhi.com/products/rrske)

Physicallybased models use for instance Richards' equations (for transfer in the
unsaturated zone), Darcyo6s equations (for
Venant egations (for the free surface flow), Penmdonteith equations (for
evapotranspiration). These equations require many field data that are barely available
(e.g. textural and structural soil properties, characteristics of the vegetation, state of the
atmosypere), and have to be downscaled at very fine scales for both physical and
numerical reasongConsequently they are rarely suitable tools for operational use, but
should be used for impact studies (climate change, modification avate¥shed) or to
testhypothess about hydrological processes

Empirical models consider the watershed behavior based on observations, at a scale at
which the elementary processes are incorporated in simplified concepts . These models
involve a limited number of parametersidaare thus more easily set up and calibrated,

but extrapolating model results beyond the observed data is not guaranteed.

2) Depending on the range of the simulated discharges, or the different phases:
continuous models (the model describes the flood ebemtalso the inteevent
phase and hence the state of the system at the beginning of every event)-or event
based models (the model only describes the flood event (or any other
characteristic of interest), and the initial conditions must be set up ektemaly
be used.
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The advantage of continuous models is that they simulate a whole set of the discharges, in
particular the conditions at the beginning of a flood evidotvever, these models require

a lot of data, and possibly a large number of parameters (because of the complexity of the
inter-event phase).Eveiltased models require fewer data and are usually less complex,
but have to be initialized using external adies.

3) Depending on the elementary topology, either lumped models (the variables are in
the form of mean valuestegratingthe whole basin: mean rainfall, mean slope
etc.) or distributed models (the spatial distribution is taken into acomentthe

catchment).
Modele :;:;’ﬁ:sﬂques Modele
global distribué
PLUIES
- hauleurs, intensités . o0 n.a .
i anewes J unités différenciées (sols, relief...)
i bion sptEE II pluies variables
BASSIN: :

- types el occupations des sols
- hydrographie et drainage
- penies ef relief

ECOULEMENTS :

=volume 4 JA'\
- dEbit max 4 T - |
= ydragramme : forme et temps | \‘
| N




Figure 1-6

The use of a distributed model is not always necessary. In some conditions, e.g. in the
case of climatic or geographical homogeneity, a lumped model cangerodsults

that are equivalent to those produced by a distributed model, whereas the structure of
distributed models makes it possible to manage available spatial information when
there is a lot spatial variability. In this case, distributed models are pmwwerful

than lumped models. However, the complexity of the distributed models should be in
agreement with the actual availability of spatial information.

As an example, when rainfall is clearly localized to the upstream or downgiegam
of the wateshed, a distributed model simulates floods thatdmlayedand shaped
differently. In both cases, a lumped model simulates the same flood (dotted line on the

graph).

Pty Averse de référence




1.3. Principles of ATHYS models

ATHYS provides a set of mainly distributed and eveased models. These models can
also be processed as lumped (over a larger single cell), and/or continuously.

Principle 1. The models in ATHYS softare operate on a regular square cell structure.
This structure is suitable for most spatialized data sets (radar rainfall, DEM, SPOT
images for land use).

Figure1-8

Principle 2. Rainfall is interpolate@n every cell using the Thiessen method or Inverse
Distance Weighed.

Pi = plus__ proche_Pk



Figure 1-9

Principle 3 The efficient rainfall is calculated for every cell. Each cell is associated with a single
production furction. The production functions may differ from a cell to another.

Pluie
efficace

t

Figure1-10
Total atmospheric rainfail Efficient rainfall

Let Pb(t) be total rainfall att time and Pgt) efficient rainfall calculated with the
production function. Numerous functions are provided, for instance:

Constant infiltration Pe(t) = Pb(t)i INF
Constant coefficient Pe(t) = COEFF.Pb(t)
Constant threshold Pe)=0  if X, Pb(t) > STOelse

Pe(t)= Pb(t)

__AP()- 02S@&. P(t)- 0.2S8
=6 Pet) = Pb(t)'gﬁa(t)m.ssi? " P(t)+0.852

where S is the capacity of a reservqila is the amountof initial lossesand P(t) the
cumulated atmospheric rainfall at time t

Green&Ampt Py(t)= Pb(t)'KS-(fr_J:; T 1)

11



whereKs is hydraulic conductivity at garation,AS is the difference between moisture at
saturation and initial moisturé¥’ is the matrix potential at the moisture front, F(t) is
cumulated infiltration from the beginning of the event.

TopModel Pet) = Ph(t) if d(t)>0
Pe(t) = Oels_e
ai(t)=8(t)d T_ et z‘i:Ln[r:"EJ etK(d(1))=Ko.exp{ fd(t))

where g is the surfaceareadrained bycell i, b is the slope of cell, K is hydraulic
conductivity,Ko andf are adjustment parameters

Principle 4. The efficient rainfall is routedto the outlet. In this case, two modes of
transfer are possible: the independent cell mode and the interactive cell mode.

The independent cell mode consists in transferring the contributions of each individual

cell to the outlet independently of the other cells. The interactive cell mode takes into

account the contribution of cells upstream from the current cell and calculates a balance
of the volumes that realljow through each cell at each time step.

Lag and Routemodel (independent celt mode)

Details are given irsection 1.4.2For a summary, each cell generates an elementary
hydrograph at the outlet of the catchment :

_ "©Tm Pe(r1) _ t—T,—71
IQ:-.". Ef:] =A J K -Elp(_ff—

iy m m

)

where Pe denotes the efficient rainfall from the cell, A the area of th@keltravel ime
Tm is calculated according the flow velocity and the length of the cell. The lag time Km
is linearly related to Tm, so that the lag time increases with the propagation time.

The complete flood hydrograph is finally obtained by adding the elementdrygngphs
produced by all the del of the catchment.

Kinematic wave model (interactive cells mode)

More details are given in sectiGaFor a summary, thKinematic wave model calculates
the discharge at a given time and a given cell from the actuaiif rhich flows through
the cell.Therunoff derive from a budget of the inflows and outflows at the cell scale.

The discharges are calculated accordingMleningStrickler formula, where the energy
slope is considered as the river bed slope

Q — K\/gFehO.GGIA

where K denotes the Mannigtrickler coefficient, in s and R, the hydraulic radius
ratio of the wetted section and the wetted perimeter of the-seas$®n in m.

12



1.4. Detailed presentation of the SCS-LR model
1.4.1 Production function of SCS type

The SCS production function is a very versatile production model ancercahate
different types of flood generation processes (Steenhuis et al., 1995). The version used in
the model is characterized by:

- An instantaneous runoff coefient, which is a function of the cumulated rainfall
from the beginning of the event;

- A soil reservaoir, filled by the fraction of the rain that infiltrates the soil, and is
subject to outflow discharge (evapotranspiration, deep infiltration, lateral ftow, e

- A delayed runoff, corresponding to a fraction of the outflow discharge of the soil
reservoir.

The efficient rainfall Pe(t) is calculated from the rainfall Pb(t):

_ &4P(t)- 02S@, P(1)- 0.2S0
Pe(t) = Pb(t)'g (t) +o.ss§? P(t) +0.8SY

where P(t) corresponds to the cumulated rainfall from thénbew of the event, minus

an abstracted discharge at each time step. The aim of this abstracted discharge is to
simulate the drainage of the soil during the period when it does not rain, and the
corresponding decrease in the coefficient of potential funof

It can be considered that the amount of rain P(t) corresponds to the level of a virtual

reservoir, filled by the atmospheric rainfall Pb(t), and emptied by a quantity that is
proportional to the P(t) level. The P(t) level of the reservoir is defined by

dP(t) _ ]
ol Phit) - dsP(t)

P(0)=0

where ds.P(t) is thabstractedlischarge from the reservoir.

To simulate delayed runoff, a soil reservoir is also considered, filled by infiltrated water
and emptied by a quantity proportional to the level of the veserThe stoc(t) level of

this reservoir is determined by:

dstoqt)

0 - Ph(t) - Pe(t) - dsstoqt)

stoc(0) =0

13



where ds.stoc(t) stands for an outflow discharge of the soil reservoir by deep percolation,
evaporation, suisurface runoff, etc. For the sake of simplicitlge outflow discharge
coefficients of the virtual reservoir of the cumulated rainfall and of the soil reservoir are
identical, equal to ds.

Part w of the outflow discharge of the soil reservoir is routed to the outlet of the
watershed as lateral flow. Wik, the runoff quantity generated by the cell at the t time is
equal to:

Pe(t) +w.ds.stoc(t)

The production model has 3 parameters, of which 2 (dswandre constants of the
watershed and 1 (S) is influenced by the prior conditions and the statesg§tie:

S : total storage capacity of the soil reservoir, in mm;

ds : outflow discharge coefficientcorresponding to the drainage potential the soils
require to dry out, ind

w : fraction of the outflow discharge as lateral flow, adimensional.

N.B.: for flood peaks, theS reservoir capacity is the most sensitive parameter of the

modd, the other parameters do not vary muchFor the Mediterranean catchments
dsand w could be for example: ds = 1d™, w= 0.2

Réservon pluie

[RE—
Vidt) = ds.stoc(t)

< | >
< >

(1-w)Vid(t)

Pt
" ()
=R
+azs.P(z)
&
Ealgy~po)| S0 5, FO=0.28 Ph(y . e
i 1P@H+0.38S P(£)+0.85 i | ;
/ Pb(t)- Pet) A
w.Vid(t) =&
— stac(t) i
el Réservoir i
sol E
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Figure1l-11

N.B.: for the first approximation, th& parameter can be estimated from the SCS tables
found in the existing literature.

1.4.2 Lag and route transfer functiors

The lag and route transfer function routes the volumes generated by each cell to the
outlet. Eactrell generates an elementary hydrograph at the outlet of the catchment, which
depends on :

- the propagation time Tm (route) between the cell and the outlet of the catchment,
depending orthe flow velocities on théength betweenthe cell and the outledf the

|
catchmentT, = § =
Vk

- the lag time Km (lag) between the cell and the outlet of the catchment, calculated by
using a linear storage model, of capacity K

Pluie efficace produite par la maille m an temps t

/ Pe(t)

Hydrogramme élémentaire 4 1'exutoire

to t
Ij ! 4y 0= P,jr‘-n“ exp(1ITM) 4
y %
_D Y Tm
A "D
A
to to+Tm
Figure1-112

The efficier rainfall at time §, Pe(p), generates an elementary hydrograph :

g,(t)=0 if t<t,+T,

Fiz(to) a t- (to +Tm)
K. exp( K. )-A

if not

On(t) =

where A denotes the area of the catchmigrdand Vi length and velocity fothe celk k
betwea the cell and the outlet of the catchment

15



By integrating all the efficient rainfall betweeg ¢t le temps -, the elenenary
discharge at timedan be written as:

_ Tmpe(T) t—T,—71
IQ:-.". Ef:] =4 J K 'E-}-p(_ﬁ.—

iy m m

)

The complete flood hydrograph is finally obtained by adding the elementarygngpins
produced by all the del of the catchment.

In Mercedes, the Lag and Route model has 5 parameters

- 3 parameters,  eelatedito the flow velocity Mover cell k: Vi = ml @S, where i
and & denote the slope and the upstream area of the cEfikrecommended values are
a = 0.5 and = 0.2,the slopes being im/mand the upstream areaskim®.

The flow welocity can be set in a simplest way, wih= 0 andb = 0. In this case, the
velocity flow Vo = mappears as a constant over the catchment, or part of the catchment,
mbeing a velocity, inm/s This parameter can be derived from concentration time
formulas.

- 2 parametersget k; related to the lag time Km
Km(t) = kO.Tm+k]_

The lag time thus increases with the propagation timg@ameter Thek; parameter is
mainly used in case of a single cell catchment, emulating a lumped modéis case
should be usedVm = 10000 m/s, Km =k In the other cases, it is recommended to use
k; = 0 and Km = kTm, so that the lag timiém is linearly related to the propagation time
Tm.

The travel times are calculated according to:
- The transfer velocity on ewgecell, Vm;

- The diffusion of the flood wave, via a linear reservoir, Koh capacity. The
diffusion increases with an increase in the distance between the cell and the outlet.

16



2. ATHYS SOFTWARE

The aim of ATHYS ATelier HYdrologique Spatiaé Spatialised hydrological
workshop) is to provide a a friendly and homogenous framework for hydrological
modeling as well as numerical/graphical processing of hgfimmatological and
geographical data in . The software was developed at IRD for ehtfexpplications:
management of water resources, forecasting extreme events, impact of anthropogenic or
climatic modifications on floods or flow regiméBouvier et Delclaux, 1996Bouvier et

al., 2010; Bouvier et al., 2012)

MERCEDES VISHYR
AT - slncion e 34 m—— i KL T | E Ynifad [IRD %
HMl’v:l:f::s&ve-w Epi 1, deb: 15/10/1973,02000 fn: 18/10/1973,13h00
ATHYS - IRD Hydrologie - Version 5.6 i el G b G
#Sd —
{met o Rocherche
Hydrosciences M bz
Montpellier \
|
- |
ATelier HYdrologique Spatialisé |
|
|
| =
Modélisation des Ecoulement Superficiels | SPATIAL
@ | Traitement de Donnees Spatialisees.
o d & limataleni IRD ] UMR HSM
T des hyd b g Analyse de Donnees
B erint s doptiea e o camt F e
‘ )
Interpolation spatiale :iz;i | pser v e ¥
| T — K
Lahoratoires et nrgallsrms pen.mdms . l % : ? g !
— - - "d *K §
SPATIAL VICAIR
FigureO-1

ATHYS comprises 4 modules:

MERCEDES:distributed model platform

VISHYR: numerical/graphical processing of local hydtionatological data
VICAIR: numerical/graphical processing of geographically spatialized data
SPATIAL: spatial interpolation platform

In this chapter we give a brief introduction to the VICAIR and VISHYR modules,
whereas the MERCEDES model platform is more detailed.

17



2.1. Installing ATHYS

ATHYS can be downloaded from the siteww.athyssoft.org in either Windows or
Linux versions.The Linux emulator CYGWIN is required to run the Windows version,
and is also installed when ATHYS is downloaded.

Installation on Windows involves the following steps:

- Downloaing and running the setup.exe;
- Creating a storage directory (ex\ARTHYS);
- Copying the filesn the storage directory

- Installing the Cygwin emulator;

- Installing ATHYS;

- Creating shortcuts and icons;

- Installing the Acotools compiler in the ATHYS foldem ithe <«All
programs» of Windows

At the end of the installation process, the ATHYS directory contains the following sub
directories:

ATHYS
bin
cygdrive
dev

etc

home

lib

tmp
user_data
usr

war

ATHYS directory stores all the programs required by the software.

home stands for the user account where the dematinstrdataset of the Gardon at
Anduzeis initially stored

Allthe othersubd i r ect ori es are required by the Cyg
to be managed by the user.

At the end of the installation, an icon is created on the desktop:
P

ETNYSIV0] .
' Figure0-2

Double clicking this icon launches the program
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http://www.athys-soft.org/

Lahoratoires et organismes partenaires. 11sE= °

Figure2-3

A window is opened in which all the processes and their progress are displayed
(calculations, results of the different requests, etc.).

To exit this window click on th button

JATHYS
fusr/local/lib/tclg. 4
fusr/local/lib/tke.4
fusr/local/bin/wish
/ATHYS/athys

Figure0-3
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The demonstration datetof the Gardon at Anduzs stored in the /home/anduze sub
directory that contains:

geo
marine

model

param

pluvic
radar_calarmar
radar_panthere
result

SESSIONS

Geocontains the spatialized geographical data files: DEM and derived (slopes, drainage
€), soil map, etc.

Pluvio contains the hydroainfall data files: rainfall, discharge, etc.

Sessiongontains different examples of modedi options : model, parameters, input and
output data

20



2.2. Introducing the data

The Gardon watershed at Anduze is located in the southern Cevennes, about 70-«km north
east of Montpellier. It drains a surface area of 545 km?2.

Figure2-5

At Anduze, the Gardon watershed is subject to flash floods caused by rainfall amounts
that can reach several hundred millimeters in 24 hours, espediaiilyg the fall.
Estimated maximum discharge during the flood that occurred on Segrte39, 2002,
reached more than 3,000 m3/s, corresponding to an estimated 50 year return period.

Figure 2-6 Figure2-7

21



The watershed is made up of 3 main geological units: shale (yellow), granite (blue),
limestone(grey).

Perméabilité
{71 Trésforte: Altérites sur granite, éhoulis
{_ ] Forte: Argiles- gres
{1 Moyenne : Alluvions sur terrasses, sols sur schistes
{___] Faible: sols sur marnes, calcaires marneux - argileux

{7 Variable: Sols sur dolomies et calcaires + gneiss I 10 Km l

Figure 2-8 (source Ayral 2009

The soils are shallow, rarely more than one meter deep (mean dep@hc89. The mean
permeabilities are generally rather high, and the soils may store several tenths, even
hundreds of millimeters of rainfdbeforesurface flowoccurs.

Geographical data

The basic geographical data are:
The DEM at a 50 m stepAnduze.mnt
Thedrainaggoathflow grid mesh, calculated from the DEMnduze.drl.

These files arestored in the geo subdirectogeo (see sectior8.2 for obtaining these
files):

22



Anduzemnt digital elevation model with a 50 m step = elevation of the cell nodes of a
700 X 600 grid mesh, coordinates of the lower left pidit= 699 837 ; YO = 1 89630
in the projectiorLambert2 étenduDEM unit: 1meter.

Anduze.drl drainage model with a 50 m step = pathflow coded from O to 8 for every cell of a
700 X 600 gridcoordinates of the lower left poiX0 = 699 837 ; YO = 1 89630 in the
projectionLambert2 étendu

Altitudes en m

124-231
231-339
339-447
447-555
555-663
663-770
770-878
878-986
986-1094
1094-1202

Pentes en ©

<6°
6-12°
12-18°
18.25°
| 25.31°
31.37°
37-43°
43.49°

Modéele Numérique de
Terrain = champs d'altitudes

Figure2-9

The elevations ramgfrom 124 to 1202 m and the slopes are steep, average 40%. The
digital elevation model (DEM) with a 50 m step makes it possible to obtain a lot of
information concerning the topography and the morphology of the wate(siged?.10).

S mm A A A

Figure 210 : Drainage pathways of each cell of the catchment. A given cell flows
towards the neighboring cell which has the lowest elevation
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Other files are also provided:
Anduze.sol soil map, the pixel size is 50 m. Each pixel is coded from 1 to 9, according to

the &sociated soil class.

Hydro-rainfall data

The basic hydrgainfall data are stored in this file

Base28xt : rainfall-runoff data at an hourly time step, 28 flood events from 1973 to
2003, including one discharge station (Anduze), 6 rain gauge statiomsan rainfall
(calculated using the Thiessen polygon method)

Line 1 Code related to the txt format (here 5000)

Type of gauges (observed dischargel§3; input discharge nj ; rainfall
Line 2 P; temperature TQ evapotranspiration Ev concentration C%) (&
characters max)

Number of the gauge (10 characters max for P, TO, Ev, C%, a
characters max for-@bs et Qinj)

Line 4 Name of the gauges
Line 5 Longitude of the gauges, in the geographical projection (Lambert, UTI
Line 6 Latitude of the gauges, in the geographical projection (Lambert, UTM

Line 3

Line 7 Blank line for separating 2 events

Line 8 anc . .

other date (jj/mm/aaaa) hour (hh:mm), then values at the gauges

1 2 3 4 3 6 7 8 9

1 5000
2 Q-obs P P P P P P P
3 1000000000-1 1000000005 1000000006 1000000007 1000000008 1000000009 1000000004 1000000000
4 Anduze Barre-des-Cévennes  Mialet Saint-Roman-de-Tousg Saumane Soudorgues Anduze Pmoy
5 732087 705562 726074 714690 714232 715440 738043 700000
6 1396930 1916178 1903962 1906295 1503081 1396440 1907177 1500000
7
8 15/10/197303:00 1.80 -10.00 0.00 0.00 -10.00 0.00 0.00 0.00
9 15/10/1973 04:00 1.80 -10.00 0.00 5.00 -10.00 5.00 0.00 4.00
10 15/10/1973 05:00 1.80 -10.00 5.00 5.00 -10.00 10.00 5.00 6.00
11 15/10/1973 06:00 1.80 -10.00 10.00 5.00 -10.00 10.00 5.00 7.00
12 15/10/1973 07:00 1.80 -10.00 10.00 5.00 -10.00 15.00 15.00 8.00
13 15/10/1973 08:00 1.80 -10.00 15.00 10.00 -10.00 25.00 5.00 14.00
14 15/10/1973 09:00 1.80 -10.00 15.00 5.00 -10.00 5.00 20.00 7.00
15 15/10/1973 10:00 1.80 -10.00 20.00 10.00 -10.00 15.00 10.00 13.00
16 15/10/1973 11:00 1.80 -10.00 10.00 5.00 -10.00 5.00 10.00 6.00
17 15/10/1973 12:00 1.80 -10.00 5.00 5.00 -10.00 5.00 0.00 5.00
18 15/10/1973 13:00 1.80 -10.00 10.00 5.00 -10.00 5.00 10.00 6.00
19 15/10/1973 14:00 1.80 -10.00 5.00 5.00 -10.00 5.00 0.00 5.00
20 15/10/1973 15:00 1.80 -10.00 15.00 5.00 -10.00 5.00 0.00 7.00
21 15/10/1973 16:00 2.01 -10.00 5.00 10.00 -10.00 15.00 10.00 10.00
22
23 18/10/1973 14:00 100.00 0.00 0.00 0.00 -10.00 0.00 0.00 0.00
24 18/10/1973 15:00 97.00 0.00 0.00 0.00 -10.00 0.00 0.00 0.00
25 18/10/1973 16:00 91.00 0.00 0.00 0.00 -10.00 0.00 0.00 0.00
26 18/10/1973 17:00 85.00 0.00 0.00 0.00 -10.00 0.00 0.00 0.00
27 18/10/1973 18:00 80.00 0.00 0.00 0.00 -10.00 0.00 0.00 0.00
28 18/10/1973 19:00 77.00 0.00 0.00 0.00 -10.00 0.00 0.00 0.00
29
30 11/09/1976 16:00 15.60 0.00 0.00 0.00 -10.00 0.00 0.00 0.00
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- default units : m3/s for Q, 1/10mm for P, Ev, °C for, ¥©for C%
- missing data arel0 for P, Ev, To, C%:100 for Q

- date and hour must be sepi@d by a space. All other damaust be separated by
tabulation.

- decimal values must be separated by a . (point)

- the date radrs to the end of the timeegtDt. The corresponding, Ev data are the
cumulated P, Ebetween datéDt anddate.The corresponding Q, TO, C% datee mean
Q, TO, C%between datéeDt anddate.

Radar rainfall data, which provide rainfall at a 5 min time step and every 1 km?eell a
also availabléseesection 8.2)
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2.3. Introducing VISHYR

VISHYR offers various facilities for correcting, calculating, managing and displaying
local hydreclimatological data:

VISHYR main menu

-

/home/agnes/anduze/pluvio/b28.txt

File Management Operations View
| == |3l | | ﬁ
| e +| — | R B | S
| GAUGES hical
Number Nane Graph Tupe VISHYR grap Ica
B | 1000000000-1 Anduze Debits observes W|nd0W
B 1000000005 Barre-des-Cévennes PLUIES
B 1000000006 Mialet PLUIES
B 1000000007 Saint-Roman-de-TousqPLUIES
B 1000000008 Saumane PLUIES
¥ 1000000009 Soudorgues PLUIES NI= e = — FPalle"
B 1000000004 Anduze PLUIES ﬁ Gl“ é’ iq@& @ @ ] ﬁ
B 1000000000 Pmoy PLUIES
Epi 9, deb: 19101977 .,06h00 fin: 24/101977,17h00
mafs
100
a0
| EPISODES 50
40
Number Start End 20
W1 15/10/1973 02300 18/10/1973  19:00 & U pas dotemps: B0 T T
N2 11/09/1976  15:00 14/09/1976  02:00
N3 08/11/1976 20:00 11/11/1976 10300 ——  Station 1000000000-1 Debits observes a Andize
| | 19/10/1977 05:00 24/10/1977 17300 1410 mm
H5 07/12/1977 12:00 08/12/1977 24300 g0
Hc 22/09/1934  01:00 26/09/1994 11300 38
N7 19/10/1994 06:00 2471071994  11:00 10
| ] 02/11/1934 09:00 09/11/1994 04:00 20 1
L] 18/09/1995 05:00 22/09/1995 01300 o0 . T
N |10 03/10/1995 02:00 06/10/1995 20300 i 2 ] 3 100 120
Pas de temps: B0 mn
== Station 1000000003 Pluies observes & Barre des Cévennes
- 110 mm
60
a0
40
o 1 il
H 20
Figure 212 Tal
9 " Lok 1
20 40 =] 80 100 120
Pas de temps: B0 mn
== Station 1000000006 Pluies chserves & Mialet /
= P
ki

The accepted file formats supported by VISHYR are Asci TXT files, , which can be
obtained from (see section 4.4):

- Export from Excel, with txt format (using tabulation for separating data)

- Export from radar images CALAMAR or PANTHERE/ANTILOPE type;

- Export fromPLUVIOM and/or HYDROM.

The first step is to open the hyenteteorological data filegl
The hydro-meteorological stations and events the data file contains are displayed in the

corresponding lists. The different events can be displayed chronologicatlg the
following keys:
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E Display the current event

\

Display the previous event

4

Display the next event

The u
on or off.

keys turn the display of the corresponding hyareteorological station or event

One hydremeteorological station or event iretidata file can be deleted, or one station or
one event can be added from another file.

Delete one station or one event;

-+

Add one station or one event.
Once the file is loaded, several processes are available:

- Display the event

- Modify the rainfall or dischargeby algebraic computation, change dates or time
steps;

- Calculate the event characteristics;

- Manage the lists of the stations and the events.

Please refer to the help pages in the software to obtain a more detailed description of the
VISHYR functions and their use.

Applications:

1/ open the file basea& hydrometeorological events, this file contains the haowls
data concerning the Gardon at Anduze;

2/ display the hydraneteorological events;
3/ calculate the characteristics of thesenéve

4/ modify the list of the stations and the events.
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2.4. Introducing VICAIR

o

VICAIR offers various facilities for correcting, calculating, managing and displaying

geographical data or hydroeteorological spatialized data:

Spatial display Image correction

R N s

vEE PG S

R e o ==

DwR » PR PALTEHESL

AEIRNRAARE

S
=l
ANz
=)o) oy ——
71N
Process on image DEM process
Peaffectatin des codes isages par Classes | o X

Reaffectation des codes images par pleel | RS

Ajout /Suppression d2 1ignes et & colomes | B s b s e
Extract ion d'une 20me de | inage la

Concaténat ion o 2 Inages
Statistiqus sur |'isage

Lissaoe

Extraction ds contours front iéres )
Squelettisation o2 |"isage be

Coabinalson nusérique de fichlers rasters e T
Echant i | lonaoe de fichiers rasters -

Figure2-13

The acepted file formats supported by VICAIR are :
- ArcInfo or Mapinfo ASCII export files;
- Grass binary or ASCII export files;
- Surfer ASCII export files.

Viewing/correcting a file in Vicair consists in :

- Open a project:
ChooseProject/New or Project/Open(if the project already exists)

- This function opens the layer manager, in which the different files which define
the project are stored (superimposition of different images or geographical maps).
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Figure 214

- Open afile:

Icon |i in the layer manager

This icon (widget) activates a browser that makes it possible to choose the file. The file is
then displayed in thiayer manager

Figure 215

- Activate the display
Displaybutton of the layer manager;

This key activate the view of the picturesasiated with the file, with numerical and
graphical attributes with default values (here 10 classes of color).
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Projet Affichage Corrections Operations Traitement des MNT Utilitaires 'Er'e‘f‘errences

D/wR] | &80 L% %S

[ [W= -75551 [v= ©o3m8 |z= ¥

Figure 216

- (possibly) modify the file properties:

Icon §| of the layer manager opens th®perty manageassociated witthe picture:

*  Number of classes;
* Georeferencing in the geographical projection to locate the pictures on the map;
*

Choice of the range of colors, etc.

Bffichage Corrections Operations Iraitement des MNT Utili

Dizigl 5 Sall S IEJ

Min [59 Max [1527 Nombre de classes [10

Tupe de classes . egales largeurs . effectifs egaux @ utilisateur

Paranetres geographiques

Resolution X (1.0 Origine X 1.0 b colonnes (801
Resolution Y (1.0 Origine Y (1.0 No ligres [601

Paranetres d'affichage

Tupe de palette v gris v arc-en-ciel classique  arc-en-cisl nodifie

~ degrade: nin | nex |+ aleatoire ¢ wtilisateur

Code valeur hors-inage -999

Mininun

Couleur  Maximun Legende

99 - e |
241 [84  fpat-msa | g :l
camad E— = a— 1
— ¥= soeer |v=] ¥ 670 27670 |
B X = @ =
- Gestionnaire de couches. 670 - 813 1670-813 __I
’1““_"”*”‘!0_” Format | Lignes |Colonnes| Min | Max | 813 955 o395 E‘
1955 1038 os5-1008 (M L
11098 - 1241 10981241 |
[ | AppLicuer | Annuler | fide |
%]
=
b EJ
Visualiser fide

Figure 217
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(possibly) modify the pixel values :

=
FunctionCorrection/ Correctionof pixel or icon @ of VICAIR, which allows
modifying one or several pixel valuasinteractive screenplay mode. For a better

view, a zoom of the image is activated before correcting. This function also opens
thecorrection managewhich summarizes the required correcsion

& Vicair

mRICI@ [+

Ecran de controle E'@‘E}

T e 70

ction demandee : z' = 500 E Ok

de la couche : @ automaticue . superieure

|| Enregistrer |  Visualiser |  Annuler

Figure 218

(possibly) modify the drainage pathways :

rTa

——
Function Correction/ Correction of drainageor icon M of VICAIR, which
allows modifying one or several drainage pathways in interactive screenplay
mode. The drainage pathwsagre displayed as arrows. For a better view, a zoom
of the image is activated before correcting. This function also opens the correction
manager, which summarizes the required corrections

Applications:

1/
2/
3/

Display the spatialized data files providedhe geo directory;
Modify the properties of the displayed maps;
Display the hydrographical network at different levels of detail using the .sbv file.
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2.5. Introducing MERCEDES

The MERCEDES module is made up of 6 menus that enable managemenbdélanm
session

f : e (o [@] = |
ATHYS - MERCEDES - version 5.6 o— o A=A R

MERCEDES
Maillage Elementaire Regulier Carre
pour I'Etude Des Ecoulements Superficiels

Catchment data

Rainfall and discharge data

Maodel parameters

Parameters optimization

Sensitivity analysis

Output files Stop MERCEDES ‘ Launch MERCEDES ‘

Load session Save session | Guit | Help I |

Figure2-19

b

1 Catchment data : description of theatchmento be processed;

1 Hydro-meteorological data : hydro-meteorologicalkcharacteristics of the events
to be simulated;

1 Model parameters : definition of the models to be used,
1 Parameters @timization : automatic calculation of the model parameters;

1 Sensitivity analysis : sensitivity of the error functionaccording the
estimationof the parameters;

1 Output files : access to the files containing the results.

It is also possibléo Load or Savea session A 0 sie masla afah the pieces of
information to be filled in in the different menus that creates a given model for a given
watershed (or group of watersheds).
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2.5.1.Menu 1 : Catchment data

This menu is used to describe ttagchmen(s) to be processed.

ATHYS - MERCEDES =88] =
[ Catchment Data |
’ Input files I Outlets ]
Cell size (m): 50 || MNum Name X Y iy
1 Andwze 732087 |1836330 @l
DEM unit (m): 1
Origin coordinates: X0| 699837 |Y0| 1890630 | Add..
DEM
]fhomefagnesfanduzefgeofanduze.alt ] ® Edit
= 1.7 ) =2

E
Drainage directions
H |

/home/agnes/andwze/geo/andwze.dri | =

@

] T .

Slopes ‘ =

‘ J ams

= I,JQ @ MNum Name X Y ]

Upstream areas @
1 1

5 g%

Production classes

| |

e = |
Transfer classes

Remove
‘ ‘ .. 7 4|

| Sampling rate |

@

@

Mask
| | Sampling rate on X:|30
= i Ij @ Sampling rate on Y:|30
oK | Undo | Help [

Figure2-20

The pixel sizeis the length of a DEM cell (in meters), whereasBieM unit expresses

the unit of the elevations (1 for meter, 10 for decameter, 0.1 for decimeter). The
coordinates of the X0 and YQorigins corespond to théhe coordinates in the lower left
corner in the geographical projectionsed. The pixel size and X0 and YO origin
coordinates fields are automatically filled in when the DEM is loaded.

Two files are required for all simulations:
The Digital Elevation Model (DEM) file: this is a raster type file. Different formats can

be used including the ArcMagr Maplinfo export formats. This file size is M by N (M
lines and N columns) and a Z value giving the elevation of each node of the grid mesh.
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The pathflow file stores the direction the water will flow in each cell (i.e. which other
cell the water flows into) with a value ranging from 1 to 8 (1=North, 2=N&&st, and

so on until 8, clockwise). Code O refers to a sink that MERCEDES will not process
process (i.e. the catchment area will be incompleted the sink will have to be filled
within the area delimited by the different swhatersheds defined by the outlet
coordinates. The creation of the drainage file and its process (filling the sinks) are
computed with the VICAIR program. The size of the file is M by N.

The other files are optional, and will be defined hereatfter.

In the right part of the menu, tloaitlet coordinatesdefinethe cellswhere the simulated
discharges will be calculated. Tleesoordinates are in the geographical projection units
used for the X0 and YO previous coordinates.

The @ button makes it possible to rebuild the suhtersheds upstream from these
outlets (for control purposes).

B B
Vicair - version 5.6 o B

Project Display Corrections Operations Ireatment of DEMs Utilities Preferences Help

Dleal & s LI&YG BEe B0 ] Ak

» anduze .hyd

I anduze,alt
117-257
257-397
397-537
537-677
677-817
817-957
957-1097
1097-1237
1237-1377
1377-1517
1517-1524

oI limite_bv

|
I hydro
| | 100-217553

[ [K= 739864.61 |V = 1890349.86 | 2= ¥

Figure2-21

Finally, the X and Ysamging rate makes it possible to shorten the calculation time
while limiting the number of cells to be taken into account. For instance, for a sampling
rate of 10 in X and Y, only one cell out of 100 will be taken into account in the
calculations (but its stace area will be multiplied by 100).

NB: a high sampling rate can considerably modify the hydrographs and the user will need
to compare the results with those obtained with the finest spatial resolution.
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2.5.2.Menu 2 : Hydro-meteorological data

This menudescribes théhe hydremeteorologicalcharacteristics of the events that will be
simulated.

One HydreMeteo file is required for any simulation.

The HydreMeteo file contains all the hydrological and meteorological data to be used for
modelling a set bevents. Hydrological data can be discharges, water levels, chemical
concentrations, etc., meteorological data consist in precipitation, temperatures,
evapotranspiration, etc.

This file has to be either in TXT file format. Once this file is validated, data are
displayed in the lists (stations and events).

[ ATHYS - MERCEDES =& % |
[ RAINFALL AND DISCHARGE DATA
Rainfall/disharge file
Interpolation method:
|/h0mefagnes/andlze/pluvio/baseZS.m ﬂ ¥ Thiessen - Inverse distance power
B i~ li
Input time step: | 60 | Computation time step : [60°
: Available events ] [ Selected events
MNumber Year Starting date Ending date T MNumber Year Starting date Ending date
1 1973 15410 03:00 18/10 13:00 By b |12 1976 11/08 16:00 14/03 02:00 5%
3 1976 08/11 21:00 11/11 10:00 J
4 1977 19/10 06:00 24/1017:00 @ |
5 1977 07/12 13:.00 08/12 24:00
] 1994 22/09 02:00 26/09 11:00
7 1994 19/10 07:.00 24/10 11:00 »
8 1994 02/11 10:00 09/11 04:00
3 1995 18/08 06:00 22/09 01:00 / _]" 7
Available gauges \ \ Selected gauges
MNumber Name X Ve Type MNumber MName X Y, Type ¥
1000000000 |Pmoy 700000 1900000 P [ == | | l | I o [
= 1000000000-1 |Andwze 732087 [1896930 [Q-obs |~
1000000004  |Andwze 738043 (1907177 |P
@ 1000000005  |Barre-des-CA@ve 705562 (1916178 |P
1000000006  |Mialet 726074 1903962 |P
- (/1000000007  |Saint-Roman-de-T|714650 |15306255 P
1000000008  |Saumane 714232 11903081 |P
o 1000000003  |Soudorgues 719440 1836440 [P
7 7
OK | Undo Help
Figure2-4

The example in figure-21 (base28.txt) contains 2#8od events The user can choose to
simulate from 1 to 28 events by:

- Clicking on the event in thepper left or right window;
- Clicking * ! to select the event (the event moves from the left to the right
window);
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- Or clicking * to deselect the event (the event moves from the right to the left
window).
A doubleclick on one evenmoves it from one window to the other. It is possible to click
on several events using the Shift key of the keyboard (continuous extended selection) or
the Ctrl key (discontinuous extended selection).

.
The events can be displayede by oneusing theﬂl button once the event has been
selected.

The initial time step is the time step used to create the archive of the hydro

meteorological data. This initial time step cannot be modified.

The initial time step is the time step used to create the archive of thérday
meteorological data. This initial time step cannot be modified.

The time calculation stepthat will be used in the process of the models is in minutes,
and must be a divisor or a multiple of the initial time step. Initially, the time calculation
stepis equal to the initial time step.

Therainfall and hydrometrical reference stationsare displayed on the second level of
the window. The rainfall stations that will be used for the spatial interpolation of rainfall
are validated while moving them to thén@ow on the right (and conversely). The X and

Y coordinates of the selected stations can be modified by clicking on the corresponding
station, and validated with the OK button. Selecting hydrometrical stations makes it
possible to write the correspondialgservations in the result output files of the model.

—
>
@D

button corresponds to the input of the coordinates from dilegtvas useful
for older format than the txt).

The@ button is used to display the location of the rain gauges.

In the upper ript part of the screen, the buttorstérpolation methods 8 Thiessen or
Inverse Distance Weighetimake it possible to choose the rainfall interpolation method
on every cell of thetchment Only the selected rain gauges (those in the Sgtd list of
thestations) are used to perform the interpolation method.
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2.5.3.Menu 3 : Model parameters

This menu lets the user define the models that will be used for the production function
and the transfer functiomand the corresponding parameters

| ATHYS - MERCEDES =@ % |

] Model parameters

l Runoff function

Runoff class file

|

Continuous/Event based |Mon continu tl =» |

Parameters values: @ | @ | @ | @ l

Class Id Function ¥ Param 1 Param 2 Param 3 Param 4
| | | | Apply
HomogAne [SCS 400 0.2 0.2 1
=
| Transfer function

Routing class file

|

Baseflow:[No & «od > |

Parameters values: @ | @ | @ | @ l

Class Id Function ¥ Param 1 Param 2 Param 3 Param 4
| | | | | | Apply
Defaut Lag&Route-geomorpho. |3 0 0 0.7
_,.
0K [ Undo [ Help

Figure2-5

Production function

The "tontinuous' or "non-continuous' modes define the Bhavior d the soil reservoir,
especially the initial state of this reservoir when rainfall events are sequential. The
continuous mode meansatithe sequence of rainfall events is taken into account to define
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the initial state. In this case, between 2 rainfall events, the level in the soil reservoir
decreases according to the following scher(@) = H(t)expgds.(kGto)), where H(§) is the

level f the reservoir at the end of the previous event, jH¢(he level of the reservoir at the
beginning of the next eventds the outflow discharge coefficient used in the production
function.

The choice of @roduction modelmust be made for each clas$ groduction : first, click in any
class in the production class frame leads to its selection in the upper header. Then, the arrow

+ on the right of Function makes it possible to choose between the programmed functions.
Finally, the choice of the value tife model parameters must also be made in this header, and
validated with the Apply button, in the right part of the header.

Each production model has a maximum number of 8 parameters, but only 4 parameters are
displayed on the same screen. The other akgmeters are accessed in a second screen, by

clicking left on the arrov™® | at the right of the production class frame.

The model parameters can vary from one event to another (see section 3.4).

The model and/or the parameters can vary over the catcliseensection 4.2 and section
6).

Transfer function

The choice of a transfer model must be made for each class of transfer : first, click left in

a class leads to its selection in the upper header. Then, the ¥ am the right of
Function makes it msible to choose between the programmed functions. Finally, the
choice of the value of the model parameters must also be made in this header, and
validated with the Apply button, in the right part of the header.

Each transfer model has a maximum numbe8 parameters, but only 4 parameters are
displayed on the same screen. The other 4 parameters are accessed in a second screen, by

clicking left on the arrov® , at the right of the transfer class frame.

As for the production parameters, the transfer paersiecan vary from one event to
another (see section 3.4). The transfer model and/or the parameters can vary over the
catchment (see section 4.2 and section 6).

Baseflow

The Baseflow mode (Yes/No) makes it possible to take into account and to model the
base discharge in the simulation of the flood events. The Base dischargeé méeds
makes it possible to rebuild a base discharge in the form:

Q()=Q-espta.(t-to))

where

38



0 QoandUare set as constant for all the events (FIX)
0o QoandUare estimated from observations at a reference station (OBS)
0 QoandUare estimated from the preceding event (AJUST)

These options have to be defined in the window that opees tite Basédlow mode is
activated.

ATHYS - MERCEDES o | B 32

Base Rate computation Options

Mot all models explicitly simulate base flow.
The options proposed in this window aim to simulate a basic flow at each outlet,
which will be added to the simulated flow by the model.

Mo Outlet name Mode § Gauge Code & QO (m3/fs) al14) Blad)
] - | | | Aoty |
1 [Andwze FIX 0 0 i 3

=1

Gauge code: Gauge code of observed flows, only in OBS mode.

QY =meeee- : Base rate value at the beginning of the episode, only in FIX or ADJUST mode.
Of --m=s-memmmeneee : Exponential depletion coefficient of base flow, only if FIX or AJUST.
B =mmemeeeeeenes : Exponent of basin area.

QK l Undo ‘ Help \

Figure 2-6

Icons

& makes it possible to spatially modify the parameters in the corresponding
column, depending on a geographical map ¢setion ¢

makes it possible to use parasrstthat vary from one event to another, depending
on the values defined in a table (seetion 3.3
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makes it possible to fill the parameter table from a file formatted as follows, in the
case of severgiroduction or transfer classes. . The formaswsh file must be made of
sequential lines of 10 values separated by space, each line denoting a production or
transfer class:

Class Id function parl par2 par3 pad par5 par6 par7 par8

2.5.4 Menu 4 : Optimization

This menu makes it possible to auttinally calculate the "most appropriate” parameters
of a model by minimizing a deviation between the observed values and the values

simulated by the model.

ATHYS - MERCEDES = 8 %
Optimization procedure
Runoff parameters _ Reference stream gauge
: = [1000000000-1  $fAndwe
Class Id Function Param 1 Param 2 Param 3 Param 4 =
HomogA ne [scs [400 [0z [0z 1 A Reference outlet
|1 ﬂAnduze
[ Optimization mode
joptimization method: 4 Simplex ~ BLUE
| Type of optimization: ~ Separate 4 Simultaneous
Boundaries lower. 0.0 0.0 %D,D 0.0 |Events: 4 No groups ~ Groups U
upper:  [1000.0 |300000  [s00 [1000.0 E—
B Routing parameters | Calibration domain ‘
P (| Domain: ]Eomplete event ﬂ
Class Id Function Param 1 Param 2 Param 3 Param 4 Discharge boundaries (in m3/s)
Defaut LagaRoute-gec |3 [0 |0 [07 [Fl ainf.- [50 Q sup. = [5o00
| Time boundaries (in time steps)
tinf.= [1 tsup. = [100
‘ Selected criteria ‘
| Transfer : |EGM ¥
! | ! # | Number of iterations : fSDD
Boundaries lower:  |0.01 ] |oo ] - -
upper: |1000.0 |50 |5.0 |100.0
QK | Undo Help

Figure2-25

Selection of parametergo optimize

The parameters to be optimized must beesetl by double clicking on the value the
parameter. The parameter value then appears between the > and < symbols.

Remark: when this menu is opened, the name of the parametersdsplayed Just
click on the name of the functioasdthe namesvill be displayed

Variation boundaries
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The variation boundariethat will be applied for every parameter can be chosen for
calibration.

Remark:pay attention tothe variation boundariesof the parameter tbe calibrated: the

initial value of the parameted the one given in menu 3 and displayed in this néenu
must be included within the definkdundaries.

Selection of the observation gauge and the catchment outlet

The observed values must be referenced to a gauge where data are available, whereas the
simulated values refer to a catchment outlet, which has been declared in menu 1.
Observed and simulated data, i.e. gauge and outlet, must refer to the same coordinates. If
not, a warning is sent, in order to change the observation gauge or the catcltragrdrou

to modify their coordinates in Menu 1 (catchment outlet) or in Menu 2 (Observation
gauge).

Optimization method

Optimization method

Two optimization methods are available. Both search for the best parameters for the model, i.e.
the parameters thaminimize the error between the observed and simulated values of the
discharges.

The Simplex method converges by means of geometrical transformation of the initial set of
parameters, whereas the BLUE method converges according on the gradient of aatepar
(sloped or derivatived of the model compared to the parameter considered). Convergence is
more rapid with BLUE, but convergence with Simplex is more robust, and can force the values of
the parameter to be optimized in a limited range (this isimatys possible with BLUE).

Typeof optimization

The 'separated type of optimization corresponds to a tstep calibration: first the
parameters of the production model are calibrated by minimizing the errors in total runoff
volumes at the outlet; theance these parameters are fixed, the parameters of the transfer
function are calibrated by minimizing the errors in the discharges at the outlet according
to the chosen criterion.

The 'simultaneous' type of optimization corresponds to the simultaneousbredion of
all the requested parameters, by minimizing the errors in the discharges at the outlet.

The option Tndividual events" or "Grouped event$ means that each event will have

its own optimized parameter set in the Individual events mode (thdreenals many sets

as events), whereas in the Grouped events mode, only one common parameter set is
determined for all the events. In the latter case, the error is calculated from the discharges
of all the events.

Calibration domain

The calculation can Heased on :
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The whole event the criterion is calculated for the entire duration of the event

The flood peak calibration aims to reproduce at the best only the peak values of the
floods, independently of the timing of the peak discharges.

Fixed discharges the criterion is calculated only for discharges measured bet@gen
andQsypdefined in the corresponding fields.

Fixed times the calculation is computed only for the discharges measured between the
timestins andtsyp defined in the correspondirfdes. Tin and Tsyp must be expressed as a
number of time steps.

Fixed discharges and timethis is the association of the two preceding constraints.

Choice of the error function

According to the choice of the previous optimization mode, a calibratiberion is
chosen for the production and transfer functions.

If we have chosen a type of simultaneous optimization, we only choose one criterion for
the transfer function, because the calibration will be done only on the comparison
measured flows / calcaled flows.

Four error functions are currently available for the calibration of both the production
function and transfer function:

Elx-%|
T Meanarithmetical deviatiofEAM = Z¥;

JE(Xi-K)2
1 Meanquadratic deviatioEQM =  Z¥;

g ZETR)®
§ Nash criteriorNash=  Z(x-¥]

§ CREC CriteriorCREC = > (1- 5) 2(1-3)3

whereX; stands for théN calculated values and for the N observed values anldis the average
value of theN observed values.

X andY represent the total runoff volumes of the events inctse of the separate calibration of
the production function, and the discharges in the case of the separate calibration of the transfer
function, or in the case of a simultaneous calibration of the production and transfer functions.

If the simultaneous mimization type is chosen, only one criterion is required for the transfer
function, because the calibration will be done only on the comparison between the
measured/calculated discharges.
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Remark: when the Nash criterion is chosen, only the coupldssefved and calculated values
corresponding to strictly positivebserved values are consideffied computing Nash criterian

2.5.5 Menu 5 : Sensitivity analysis

This menu is complementary (or alternative) to the previous one, and provides additional
information such as: the area of possible other sets of parameters (whose error is close to
the minimum error value), the sensitivity of the model to the parameters, possible
dependency between the parameters, etc.

ATHYS - MERCEDES =B8] X

Sensitivity analysis

Runoff parameters ‘ X increment :[100
2| ¥ increment :[1000
Class Id Function Param 1 Param 2 Param 3 Param 4 " i fSD
HomogAne SCS 400 0.2 0.2 1 1 o
Ymin: 1200
X iterations : [B

|Y iterations: “5~

Selected criteria : }T\Es"h

| |Domain:  [Complete event ¥
' Discharge boudaries (in m3/s)
Qinf=[50 Q@ sup. = [6000

) Time boundaries (in time steps)
Class Id Function Param 1 Param 2 Param 3 Param 4 A e  EY-y-m
e | tinf. =1 tsup. = |100

Defaut Lag&Route-gec |3 0 0 0.7 =

Routing parameters

=

0K Undo | Help 1

Figure2-76

Selection of the parameters to be modified:

For reasons linked to the display of the results, the number of parameters to be modified
is limited to 2. The selection (or deselection) of a parameter is done by dolitking

left on the field correspondinto the value of the parameter. In the window displayed
above, 2 parameters were select&dparameter of the SCS production functidr,
parameter of the Lag and Route transfer function.

NB
- Variation of the parameters is only allowed in the range ofinferior and
superior boundariesdeclared for every parameter in the menu 4 (optimization)
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- The error function criterion for the sensitivity analysis is systematically calculated
for the discharges

- The analysis of sensitivity can be computed for each tegensidered as an
individual event, or for a group of events. This choice is determined in Menu #4
(optimization) by choosing the Individual event or Grouped events option.

The variations of the selected parameters are fixed by:

- The investigation step,mch defines the increment of the variation of the selected
parameter;
- The initial value of the selected parameter;
- The number of iterations to be performed from the initial value of the selected
parameter.
N.B.

- The X parameter is always the first paramesglected, in the order of the lines,
then the rows; the Y parameter is the second parameter selected

Choice of the error function: several error criteria are available: EQM, EAM, Nash, and
CREC, the same as in section 2.5.4.

Calibration domain : The céculation of the criterion function can be run on different
parts of the flood hydrographs, complete hydrograph, maximum flood discharge,
discharges included between two valugsafd Q, and/or between two momentsgand

t,, the same as in 2.5.4.

When thre sensitivity analysis procedure is activated, the results are displayed on the
screen, and stored in thisting file, writing the parameter values and the corresponding
error function value:

Calculation of the variations of the criterion pending....
Paaml1 Param2 Critere

50. 0.-0.230813111

50. 0.2-3.18387821

50. 0.4-3.39101582

Etc.

Variations in the criterion function can also be stoasda mapof the error function
variations, obtained as an output of MERCEDES in the menu #6 (output files)il&@his
can also be displayed in VICAIR.
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2.5.6 Menu 6 : Output files

This menu makes it possible to name and locate the files in which the simulation results
will be stored

Output files = O X

| Output files |

Output files directory

/homefagnes/andize/result | rall
=] -
Listing

Ist | %
[ =]
Simulated discharges

res i
: =k

Effective rainfall

[ -] @

|sochronous areas

5 -®
Criteria variation

H lﬂ"l @
Dams level

haut | 1

+

H 'fJ /\f\/\
Extension

|1 311-es

oK Undo Help

Figure2-27
Output file directoryfield : enter or select the directory in wti the files will be stored;
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Listing filefield : enter the filename in which the results of the simulation will be

stored. This file can be opened by cIickingg

Simulated dischargeBeld :  enter the file name in which the simulated hydrographs wé
stored. This is a TXT file, where columns emulate observed rainfall data and
simulated discharges at the catchment outlets which have been declared in Menu

+
1.This file can be displayed by cIickingM.

Effectiverainfall field : enter the file namein which the sum of the simulated runoffs
generated at the event scale by each cell will be storethe format of the file is the
same than the one of the DME used in MeThi$.file can be displayed by clicking on

®‘ One file will be generated for eaelrent.

Isochrone areasield : enter the file name in which the travel times of each cell to the
outlet are stored.The format of the file is the same than the one of the DME used

in MenulThis file can be displayed by cIicking®. One file will be geerated for
each event. This file is only provided with Lag and Route transfer function, where travel
time does not vary in time.

Criterion variationfield : generates a matrix containing the values of the criterion function
associated with a sensittyianalysis, as a function of the variations of 2 paramefEng
format of the file is Surfer ascii formd@his matrix can be displayed by cIicking®‘.

One file will be generated for each event.

Dams levelfield : enter the file name in which the simated dams levels will be stored. This is a
TXT file, where columns emulate the water levels in the dams which have been declared

t
in Menu 1. This file can be displayed by cIicking,t“,"',"k.

Extensionfield : the extension entered here will be automaticaliggded to the declared file
names. For instance, if the names is given tosimulated dischargesfield and if
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extension 1 is given, the final name of the file will be rd$ik option makes it possible
to modify only the extension to save the outpuesl when several simulations are run.

2.6 Hands-on exercises

Note: The episode numbers on the graphical output examples are old numbers, but
represent the requested episodes.

Simulation of an event (exercisk)

The aim of this exercise is to familiarizee userwith the use of MERCEDES. The
events stored in the base28.txt file will be simulated. The exercise will be performed
using the first event in the file.

In addition to the information already provided, the coordinates of the outlet of the basin
atAnduze must be defined as:

X =732087; Y = 1896930
This first exercise will be done using:
Menul:

MNT file is anduze.mnt and drainage file is anduze.drl. Both files are available in
~user/anduze/geo. The sampling will be 50 X 50

Menu 2

Hydro-meteorolgical data are in ~user/anduze/pluvio/base®80nly the average
rainfall will be selectechere X=700000 and Y=1900000. To be recognized, a rain
gauge must stand in the DEM area.

N.B. if only one rain gauge is selected, the interpolation mode can ber eith
Thiessen or IDW.

Menu 3

Mode not continuous;
Production function SCS with S = 300 mri&/S = 0.2.w=0.2;ds=1;
Transfer function Lag and Route witNy=1m/s,[1=0, [1=0, Ko=0.7,K;=0.

Menu6:

Listing file: Ist;
Result file: res;
Extension: 1.
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+
To browse the results, activate 13 andi“‘"""k. icons in mentb.

Comparison with an observed hydrograph (exercise 2)

In menu #2, move the stream gauge at Anduze station ele@desl gauge, which will
make these discharges appear in the file res.1, in addition to the simulated discharges.

Run the simulation and compare the observed and the simulated hydrographs.

See also the error function values at the end of the listingMilesh gives an idea of the
accuracy of the model simulations.

Modification of the parameters (or of the model) (Exercise 3)

Simulate different values of S (100,200, 300 mm) anslydfl, 2, 3 m/s). Note how the
hydrographs change in each case.

Comparion between 2 simulationd (Exercise 4)

The preceding simulations using different parameter sets, will now be compared. If resl
and res2 are 2 simulations, the following steps make it possible to include simulated
discharge n°2 in the file of simulatiofiln

Open resl file with VISHYR,;

Add station 1> +

Choose the res2 file;

Select the station to be added:

Activate the processi > OK:

If you wish, save the modified original file.

N.B. extensions 1, 2, 3, etc. will be given to the different simulations.

Simulation of a series of even® (Exercise #5)

Now select events @’ 2 and 3in menu #2, and activate a new run Mercedes. The

simulations can be displayed by using the ic« 4; E‘> of the graphical framework.
If the main framework of VISHYR is already opengtprevious icons will be disabled

4 4

of the main framework will need to be activated.
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Simulation with spatialized rainfalld (Exercise 6)

In menu #2, the average rainfall will be replaced by the rainfall locally observed at the
different rain gauge stations. The location of the rain gauge stations in the watershed can

be controlled with thn@ icon.

Try interpolation with Thiessen.

3. CALIBRATION OF THE SCS-LR MODEL

In some cases, the parameters of a model can be fixed as a first @myaiaxi taking into
account abacuses or formulas in the literature, for instance, the S parameter of the SCS
model or the Y parameter of the lag and route. If regional syntheses exist, thealstan

be used to determine the parameters.

Nevertheless, whepossible it is preferable to calibrate the model with observed rainfall
runoff values. At the present time, the relationships linking the parameters of a model to
the watershed characteristics are still poorly known, and the aim of the calibration is to
define the vademecum of the model, how to fix the parameters and, for each event, how
to guarantee the best extrapolations beyond the observed conditions. We provide some
examples in the following section.

3.1. Flood sensitivity to parameter uncertainty

Forthe SCSLR model, it will be assumed that the parameters to be calibratetiaauc

Vo (the other parameters are fixdd/S= 0.2,, ds = 1d™, w = 0.2,K¢=0.7, it will be
assumed that these are regional characteristics for the South of France). These 2
parameters have relatively well distinguished effeStaffects the volume and does not
modify the position in timeY, affects the rising time and the moment of the maximum,

but does not modify the volumes.

49



Epi 2, deb: 15/10/1973,03h00 fin: 18/10/1973,19h00

Irads

1200 *'l\
1000

a00 \

600 [\ A

. BNYA

N
S/

200 \\ﬂ N
Eh 11 20 aa A0 al 51 H ]
Fas de temps: B0 mn
_ Station 999939955959-1 Andize = =100 mm
_— Station 999939959593-2 Andize = =200 mm
Station 9999393959593-3 Andize 5= 300 mm

Figure3-1

Epi 2, deb: 15/10/1973,03h00 fin: 18/10/1973,19h00

Mads
oo
00
GO0
s0o
400
300 //
200 //
100 4 L
y 0 20 a0 a0 50 GO 70 a0
Fas de temps: B0 mn
 — station 995995935955-1 Anduze Y =15m's
—_— station 999993595939-F Anduze V=25 ms
station 9999393595935-3 Anduze W= 35 m's
Figure3-1

3.2. Calibration of the model with observed values

Exercise In this exercise, we will use again, in the fbdlase28.txt, the event from
15/10/1973 to 18/10/1973The S and V, parameters will be calibrated manually. For
instance, what will théinal values be with event #2 using initial values S=300mg¥% V

1 m/s? Try to optimize an error function, for instance the Nash criterion, and to
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graphically control the fitting of the calculated discharges with the observed discharges.
Three or four attmptscouldbe sufficient to find satisfactory parameter values.

To complete this exercise, the use of automatic model calibration procedures can be
added. Optimization consists in determining the parameters associated with the optimal
value of the criterin (the closest to 1 for the Nash criterion, the closest to 0 for the other
criteria), in this case using the Simplex iterative method (RAO, 1978).

Exercise an automatic calibration of the model should be computed for this event.
Among the different cdbiration options, use the Nash criterion, simultaneous production
and transfer calibration for the whole hydrograph. Use different calibration options and
evaluate the results. What are the final values of the parameters? Are they close to those
you obtaind in the previous step, i.e. at the end of the manual calibration? Do these
values fit all the events? How should parameter variability be interpreted?

Exercise: an automatic calibration of the model should be computed for this event.
Among the different calibration options, use the Nash criterion, simultaneous production
and transfer calibration for the whole hydrograph. Use different calibration options and
evaluate the results. What are the final values of the parameters? Are they dhose to t
you obtained in the previous step, i.e. at the end of the manual calibration? Do these
values fit all the events? How should parameter variability be interpreted?

N.B. Choosehigh sampling (10x10 or more) for this exercise to reduce the time
needed br the calculation.

Solution to the exercise (with 10 X 10 sampling and spatialized rainfall)

Analysis and interpretation of the variability of the parameters per event

N° date S Vo Qp Qb Nash
(mm) (m/s) ma3/s m3/s

2 15/10/1973 168.7 2.6 477.1 1.8 0.95
6 11/09/1976 2442 3.1 1009.1 15.6 0.92
7 08/11/1976 161.7 2.5 914.3 18.6 0.93
9 19/10/1977 2582 2.6 1058.2 0.4 0.9
12 07/12/1977 145.0 3.1 418.5 27.0 0.88
21  22/09/1994 3499 238 665.7 9.7 0.92
22 19/10/1994 3365 25 814.0 16.3 0.91
23 02/11/1994 207.0 25 791.7 34.0 0.85
27  18/09/1995 2152 3.6 672.9 41.0 0.84
28 03/10/1995 1973 25 1096.2 38.0 0.7
29  13/10/1995 2328 21 1247.9 27.0 0.92
34 11/01/1996 60.2 1.1 526.7 155.0 0.7
37 20/01/1996 123.7 1.2 689.3 91.0 0.1
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54  03/11/1997 200.2 2.0 762.2 4.5 092

56 16/12/1997 183.4 5.6 1504.2 10.6 0.85
58  15/04/1998 163.4 2.0 368.5 3.9 0.86
59  29/04/1998 105.7 1.6 377.2 19.2 0.85
60 27/05/1998 982 2.2 472.9 13.0 0.85
65 17/05/1999 133.3 2.0 603.4 13.5 0.78
66  19/10/1999 2335 2.8 685.8 37.0 0.98
70  28/09/2000 3232 36 1224.6 3.4 0.99
79  09/10/2002 1835 1.4 339.9 35.0 0.85
80 23/11/2002 67.4 20 567.8  103.0 0.94
81  09/12/2002 795 1.2 604.9 45.0 0.81
86  30/09/2003 3002 2.4 452.3 9.3 0.94
87 15/11/2003 132.7 1.8 626.2 21.2 0.91
88 21/11/2003 847 1.9 940.1 40.0 0.89
89  29/11/2003 713 1.8 1071.7 46.0 0.85
Mean. 180.7 2.4 749.4 31.4 0.8
Std var. 832 0.9 301.9 34.3 0.2
Table3-1

First, note thaSandV, have a wide range of variation, meaning an average value may be
not satisfaairy for all the events.

Sstands for the amount of water that can be stored during the event and the variability of
Scan be explained by the initial degree of soil saturation. Seasonal variat®®oanre
analyzed from the average value (in blue) #mel standard variation (in red) of events
occurring in the same month. A typical variation appears with a maximum at the end of
summer in the following graph, then decreases rapidly during fall due to intense
precipitation. But this pattern may not be dain some years with different conditions,

e.g. when drought continues until October or November, (as may be the case).
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To better account for seasonal anomalies, the S variation can be linked tdasenht
indicators of the degree of saturation of the watershed.

Relation entre S et débit de base
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Figure3-4

The S parameter of the SCS production function can thus be linked to base discharge
according to the relation:
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Som =-41.8.Ln(Shye)+328.8

S can also be linked to the Hu2 index producgthe SIM (MétéeFrance) model.
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Figure3-5

Simm=-9.9.HU2+758.1

Concerning parameta&fy, there is no clear correlation with any characteristic of the event
(rainfall amount or intensity, peak flow, initial saturation). On the other hand, the
simulation results show thaf is less discriminating tha® at least for peak flow values.
Thus an average value fgg could be accepted.

3.3. Final evaluation of the model

The performance of the model can be assessed by the error functions or deviations
between observed and calculated values:

a(Xi-v)?

The Nash criterior=1- —
a(vi-v)

denotes the mean quadratic error between observed and simulated values, compared to
the mean quadratic error between observed data and the averaged observed values. The
Nash value is the complementary to 1 of this ratio.
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é(xi - Y|)2

meanquadraticdeviation = =
avY

for the mean percentage of the deviation between the observed and calculated values
compared to the average of the observations.

Beyond the nature of therror function, the performance of the model can also be
estimated in different ways:

- By its optimal efficiency: i.e. its best adjustment to observations after the model is
calibrated. Here, the average Nash criterion, calculated for the 28 eventthes of
order of 0.8, ranging from 0.7 to 0.99In optimal calibration, i.e. the maximal
potential efficiency of the model, the mean quadratic error on the simulated
discharges is thus 20% of the mean quadratic error between observed data and the
averaged oferved values.

- By its efficiency when used in design mode: i.e. its ability to forecast events other
than those already observed. This efficiency is usually the one to consider as proof
of the performance of the model when it is used for future applicatio

In our case, the performance of the model in design mode can be assessed by simulating
floods with the S parameter estimated by thel& (R2=0.48) regression. Hereafter, we
provide an example of a comparison between the criteria calculated duiiirgtead,

and the criteria calculated in the design project.

Beyond the nature of the error function, the performance of the model can also be
estimated in different ways:

- By its optimal efficiency: i.e. its best adjustment to observations after the isodel
calibrated. Here, the average Nash criterion, calculated for the 28 events, is of the
order of 0.8, ranging from 0.7 to 0.99. The averaged error on the discharges is thus
20%, that is, the mean square error between the observed and simulated values,
conpared to the mean square error between observed data and the averaged
observed values. By its efficiency when used in design mode: i.e. its ability to
forecast events other than those already observed. This efficiency is usually the
one to consider as prbof the performance of the model when it is used for future
applications.

In our case, the performance of the model in design mode can be assessed by simulating
floods with the S parameter estimated by thel& (R2=0.48) regression. Hereafter, we
provide an example of a comparison between the criteria calculated during calibration,
and the criteria calculated in the design project.
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Critere Nash

S optimisé

---m--- S moyen
—-¢o—- S =f(Qb)
- -5 = {(SIM)

Figure 3-6

3.4. Management of the event variability of a parameter with
MERCEDES

It is possible to assign a differentlva to a given parameter for each event. In this case

the parameter

mu st

be

decl

ared as

LN
7

syntax), the values of varl being read in a window activated J “sicon in menuB.

var 1l

Runoff class file

Runoff function

Continuous/Event based |Non continu

Parameters values: | , | Al l | 3 |
Class Id Function ¥ Param1 Param 2 Param 3 Param 4

| | | | |

Homog&ne |SCS var’ 0.2 0.2 1
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Figure 3-7

ATHYS - MERCEDES =8 %
I
I Variations of the parameters at event scale ATHYS - MERCEDES = E IR
| Runoff function | [ Regression characteristics

= Parameter of production no 1 |
//home/agnes/andwze/param/param-txt.txt | lj

] — i)

Associated map & g & S & & Y=aX+b

Id Year Starts varl . var? _I vard _I vard _] vars _I var _I FUNCTION ] Y=aXx"b

= [ [ [ i 1 [ Aoy | Y= alngg+b

M [1973 [15100200  [18 1667 |26 0 0 0 2

2 1976 {11409 15:.00 15.6 242.1 3.1 0 0 0

3 |1976 |08/11 20:00 18.6 162.5 2.6 0 0 0 .
4 1977 [19n100s00 04 2514 |25 0 0 0 a- [418 b= [3288

5 1877 |07/12 12:.00 27 141.7 3.2 0 0 0

B 1984 |22/09 01:.00 97 345.2 3 0 0 0

7 1994 |19100800  [163  [3362 |28 0 0 0 oK Unin

&} 1984 |02/11 08:.00 34 191.2 2.3 0 0 0

9 |1995 |18/08 05:.00 41 3014 4.4 0 0 0

10 11935 |03/10 02:.00 38 189.3 2.5 0 0 0 Flgure 3 9

=]

Undo Help

Figure 3-8

Here, varl stands for the base discharge, var2 for the optimum values of S, and var3 for

the optimum values of ¥/ In figure 38, if the choice is to associate S with var2, the
values for S will be 281.3, 307.3, etc. for the diffé¢revents to be simulated.

If the choice is to associate S with varl, the red square shows that the varl values will be

used in a regression of type Y=f(X), where Y is the parameter and X the varl value.

It is possible to access the regressions by dgkiirectly on the red/grey button.

The values in figure-9 can be entered manually. They also can be read out of a file that

has to be formatted as follows:
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2 1973 10150200 1.8 166.7 2.6 0 0 0
6 1976 9111500 15.6 242.1 3.1 0 0 0
7 1976 11082000 18.6 162.5 2.6 0 0 0
9 1977 10190500 0.4 251.4 2.5 0 0 0
12 1977 12071200 27 141.7 3.2 0 0 0
21 1994 9220100 9.7 345.2 3.0 0 0 0
22 1994 10190600 16.3 336.2 2.9 0 0 0
23 1994 11020900 34 191.2 2.3 0 0 0
27 1995 9180500 41 301.4 4.4 0 0 0
28 1995 10030200 38 189.3 2.5 0 0 0
29 1995 10130200 27 229.9 2.2 0 0 0
34 1996 1112100 155 67.5 1.3 0 0 0
37 1996 1200800 91 116.3 1.1 0 0 0
54 1997 11030400 4.5 190.4 1.9 0 0 0
56 1997 12161100 10.6 170.8 4.6 0 0 0
58 1998 4142300 3.9 149.9 1.8 0 0 0
59 1998 4291300 19.2 106.4 1.7 0 0 0
60 1998 5271200 13 100.2 2.3 0 0 0
65 1999 5170500 135 3009 3.4 0 0 0
66 1999 10192100 37 2355 2.8 0 0 0
70 2000 9281000 3.4 3012 35 0 0 0
79 2002 10090200 35 177.4 1.3 0 0 0
80 2002 11231300 103 66.9 2.0 0 0 0
81 2002 12090700 45 78.1 1.2 0 0 0
86 2003 9301200 9.3 293.5 2.5 0 0 0
87 2003 11151100 21.2 129.6 1.9 0 0 0
88 2003 11210800 40 72.8 1.8 0 0 0
89 2003 11291800 46 65.5 1.7 0 0 0
Table3-2

The first three columnsontain the characteristics of the event: number, year, start date.
The remaining six columns contain the values that can be associated with a parameter:
varl to var6.

When the file is read, a test run on the first three columns is the condition fomgypithati

varl to var6 values.

N.B. this file was generated after the first modification of the varl to var6 values was

saved.

Exercise: use the param.txt file to simulate floods with variable values for the S
parameter: optimum values (var2) or a regamsdietween the logarithm of the base
discharge (varl) and the S value.
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4. IMPACT OF THE SPATIAL COMPONENT

In this part, we do not deal anymore with the model calibration, but we use the model
with given values of the parameters for sensitivity analysis

4.1. Impact of the spatial organization of the rain

Exercise

The aim is to anale the effect of the spatial variability of the rainfall on fle@ds The
hydrographs will be simulated while usif@) average rainfall, b) spatizdid rainfal|l as
modelinputs We will usethe base28xt file, selecting average rainfall asiform rainfall

input fora, and the local Thiessen interpolated rain for b. The hydrographs of the events
10and28 will be comparedWe will use constant parameters S = 300 mm, \205-m/s.

Figure4-1

Answers to the exercise

mys Epi28, deb: 03/10/1995,03h00 fin: 06/10/1395,20h00 s Epi®9, dob: 20/11/2003. 10001 fin: 0612/2003.68h00
1200 fi 80 R
1000 H i ﬁ;‘ \
B0 l
B00j 50
50D / “ o f
[ _ X
400 20 A
200 l /\ P \ 1al ! \
R N
DU T c “ %Das de ter’an?)s‘ 60 mwn v 10 10
U 2y & Pas ggtemps?gu mn EY o EU & —  Station 3939399393-m Andiee Pluie moyenne
—_ Station 9999399933 m Andize Pliie moyenne —_ Station 9999999999-2 Andwze Pluie spatiale
—  Station 95593999552 Andwze Pluie spatiale
Figure4-2

For even28 (10 in fact) for which the spatial variation coefficient (C\&#m) of the rain

field is of the order of 0.4 (CV=0.Dbf event39, 28 in fac}, the hydrographs are different.

Using the average rainfall tends to underestimate the volumes and the peak discharges of
the floods. These differences are mainly due to the localization of the rainfall and to the
spatial nodineaity of the production function (theunoff volume obtained is not the

same with average rainfall or a rainfall variable in the arEa).4-3 compares the
simulated floods by using mean rainfall and distributed rainfall, for the 12 first events.
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With equal parameters, the volumes and flood peak discharges are underestimated
when average rainfall is selected as input in the model. The distributed model
ensures greater accuracy of the calculation of the floodyithout complicating the
model (no new parameterwas added)

More generally, the differences can be linked to the variation coefficient of the rainfall
field (Arnaud et al., 2002). For a variation coefficient equal to 1 (roughly that of the rain
that fell on the Gardon watershed at Anduze in Septemb@),20@ volumes and peak
discharges are reduced by abou#d®9% by the lumped model.

a) basin 1
10 Vs 10 Vs
g U . @ 1 2 3 4 i U } 1 2 3 4
L W -100 W0 e
T IY TEIE
. 5=.
2 E 40 =, o= 40 Y
T O -50 bl 2% o .
@ = . oo Ba® »
2 o 60 ] T 4 -60 o~
S 70 . (S T . L
= . . = .
S 8 = 80 * L. .
-80 © -90
-100 -100

Figure4-3 (FromArnaud et al., 2002)

4.2. Impact of the spatial variability of the soils

The distributed model makes it possible to distinguish the conditions of pimdgand

of transfer). Is this the same as considering an average permeability value (or an initial
condition) on the whole watershed, or taking the spatial variability of these values into
account?

Exercise

The aim is to analyze the effect of the savariability of the soils (and of the
underlying permeabilities) on the calculation of the floods. The hydrographs will be
simulated using: (a) the watershed divided into three soil units whose S parameter values
are respectively S=100 mm, S=200 mm, @>8m (the average value of S is 200 mm
over the watershed), (b) only one unit, S=200 mm for the whole watershed. The
anduze.alt file will be used to distinguish between the production functions:

Elevation<400mA S=100mm

400<elevation<600A S=200mm

600<elevdionA S=300mm

The hydrographs of events gB)) and 89(28) will be compared (see exercise 4).
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Figure4-4

Answers to the exercise
It is necessary to differentiate the classes of production using the map of elevations. To do
so, the file anduze.alt will be used, and three classes of production are defined: <400 m,
from 400 to 600 m, >600 m in meiu

E =

Sampling rate on X:|50
Sampling rate on Y:|50

OK

Undo

ATHYS - MERCEDES w ATHYS - MERCEDES . - - =)
| Catchment Data | [ Production classification |
Input files Il Outlets I e Minimim valies | 117 ]
Cell size (m): 50 MNum Name X Y X ;
1 Andize 732087 1896930 @ i/home/agnes/anduze/geo/ar\duze.alt | flpied T2
| 20000
DEM unit (m): 1 [ iz MNumber of cells:| 420000
Origin coordinates: X0| 693837 |v0| 1830630 Add.. | Classes definition and boudaries
DEM Id Min Max Number of cells
E|}/:tl10me/agnes/anduze/geo/andlze,alt ! ) @ Edit | |
i | I
Drainage directions < 400m 0 400 135676
"/hnme/agnes/and\ze/geo/andlze.dﬂ ] ﬂ @ v Reﬂn—ovel y jnanlig:-]nom ggg gggﬂ }ggg;g :=§
| | =
Slopes |
I n® | DS \ Add
|= 7 IJJ Num Name 7X/
Upstream areas Ql i Edit
[z i N LT Add... Remove
Production classes
!L ! o @I Edit
Eo—— oK Undo Help
ransfer classes
Remove =
[ o ® | ]|
| 1=
e [ Sampling rate |

Figure4-5

Figure4-6

Once they are validated, these classes appear in menu 3, after whiphodtuction
functions must be defined in this menu.

By default, the selected model is Reserndgiof which the parameters are set to 0. It is
thus necessary to substitute the SCS model to Resérvaid to set the S values to 100,
200, 300 mm for thearresponding class.
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Class Id Function ¥ Param 1 Param 2 Param 4 Param 4

' _ tety|

- A400m Eeservoir-1 0 0 0 ]

400-600m Fesersoir-1 a a a 1]

+ B00m FEeservoir-1 0 0 a 1] 5o |
f

Figure4-7

The figure below shows the comparison of the simulations carried out with S average
(200 mm) or S spatialized (100, 20, 300 mm) for the first 12 episodes.

[ 1 S moyen B S spatialisé

w»+ EpL2, deb: 1511011973,03h00 fin: 18/10/1973,19h00  *>» Epi 6, deb: 11/09/1976,16h00 fin: 14/08/1976,02h00 " ERIZ. deb: 08/11/1976,21h00 fin: 14/11/1976.10h00

16800 T

Pk de bemps: 50 mn P de Bempt: 63 mn

=1 Epi 12, deb: 07/12/1377,13h00 fin: 08/112/1977,24h00

Pas de bowps: 60 mn

»v: Epi 27, deb: 18/09/1995,06h00 fin: 22/08/1995,01h00

Pt o lesps: 80 &

Pid 86 lsiga: 80 mA
Fas &9 mpy: £ en

Epi deb: 11/01/1896,22h00 fin: 14/01/1996,03h00

=1 Epi 28, deb: 0:3/10/1995,03h00 fin: 06M10/1595,20h00

P db lemp 1 o

Figure4-8

For equal rainfall, an average permeability has a tendency to underestimate the

volumes and the peak flood discharges. In this case, the distributed model ensures
greater accuracy of the flood calculation, but the cost is a more complicated model

(new parametrs are added).
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4.3. Impact of the climatic or geographical modifications

The distributed model makes it possible to consider different conditions of production
(and of transfer). For instance the effects of urbanization or the extension of farming over
one art of the watershed can be simulated.

Exercise the aim is to characterize the impact of urbanization on the watershed (in grey
in figure 410). S=20 mm is assumed for the urban area. The simulations will be
compared with S=300 mm over the whole watedstamd in one part of the watershed,
with S=20 mm for the urban areas and S=300 mm for the rest of the watershed. The file
anduze.sol, containing 9 classes of permeability of soils, coded from 1 to 9, will be used.

Zones 139 S=300 mm Zones1a3 S=300 mm
Zones43a9 S=20mm

Figure4-9

mas ERi 2, deb: 15/10/1973,03h00 fin: 18/10/1973,19h00 .. Epi 9. deb: 19/10/1977.06h00 fin: 24/10/1977 17h00

120 !

% 100 i

0l

0l

20 40

FTT IR NS RUN P Wi A—— SRS - 20

10 20 a0 40 o0 60 70 an qJ 1] 40 60 an 100 120
Pas de temps: 60 mn Pas de temps: B0 mn

Figure 410

Exercise the influence of snow on a flood event will be processed. We assume that
several cases can be observed, involving an elevation threshold. Compare the following
situations:
a) Normal conditions on the watershed,;
b) Snow falls above 600 by codng S=100000 m and ds=thetotal precipitation
is stored);
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¢) Liquid rainfalls on a snow cover or frozen soil above 600y ¢odingS=0, the
entire volume of precipitation runs off).

The anduze.alt elevation file will be useddefine the different classes of production.

Figure4-11

Answers to the exercise

The classes of production must be identified by the elevations, the anduze.alt file will be
used, and 2 classes of production must benddfi<600 m and >600 m in menu 1.

[ wmatn e — 31 =w )] [anes.vescion W u
Comswers Dua B ———————
S 3 P S 2 gy == —— 1
DOM k() T —pr———— QJWN‘ 24
| Origin oorsnemes 0| 657 v 1IOE Add.. = iz Number of celly:| Q20000
o et
et s g T T Classes defintion and boudaries
A = b = " o Mac  Number of cels
Drmrage arediern
ey ——— gb’ Ponea | [ [ 1
S gom P ) Eraa +
= 7-4110 o «600m 1600 12000 152735 5
e -
e |
__Remoe |
o | we | o | |
Figure4-32 Figure4-43

The SCS function will be applied with a very high value for S, meaning that almost the
entire snow fall isstored, in case b, and with S=0, meaning that on snow cover or frozen

soil runoff is almost 100% in case c.
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ma3fs 15/12/2018,03h00 fin: 18/12/2018,19h00

300
800
700
BO0
a00
400
300 .(:
200 / ~ / N\
‘||:|D ....... s i e = S
Eh 10 20 a0 4 al B0 70 80
Fas de temps: B0 mn
—  Station 3933353333-2 Andze Situation normale
—  Station 3933333333-c Andize MNeige = BO0D m
Station 3399933333-d Anduze Pluie sur neige = BOOm
Figure4-14

4.4. About data sampling
Questions :

- What is the optimal size of the cellwatershed discretization?
- What is the optimaspatal resolution of the radar rainfall cell?

4.4.1. Sensitivity to watershed spatial discretization

The spatial discretization of the watershed is based on the use of a Digital Elevation
Model. The size of the cell can vary depending on the available produdieanddified
through operations available in VICAIR or MERCEDES. Here we will study the
sensitivity of the flood simulations to the cell size, using the sampling function available
in MERCEDES, from a DEM with a 50 m cell:

Sampling 1: all the cells, i.80 m resolution;

Sampling 2: 1 cell out of 10, i.e. 500 m resolution;
Sampling 3: 1 cell out of 100, i.e. 5000 m resolution;
Sampling 4: 1 cell out of 200, i.e. 20000 m resolution.

The sampling computed in MERCEDES consists in selecting one cell oubofthe X

axis and one cell out of N on the Y axis, then, the surface area of this cell is "expanded"”
by a factor of N x N. The model operates on a reduced number of cells, the factor of
reduction is N x N on the watershed.

Operating mode

The input data sed will be:
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Anduzealt digital elevation model

Anduze.drldrainage model

Base?28.txtfile containing thehydro-meteorologicakvents
SCS(S=400, w = 0.2, ds = 1),ag-route (V, = 3, Ko = 0.7)

The sampling factors must be defined in mencaichmentlata The simulations will be
carried out for several events.

Simulations will be superimposed using the Vishyr Add Station feature

Exampleof a result

Epi 2, deb: 15/10/1973.03h00 fin: 18/10/1973,19h00

m3fs
200
175
150
125
100
73 =
50 __"#ff/.f’
25 g
OD 10 2 S%as déu%emps?%l:] mnBD [ S
Echantilonnade 200x200 Anduze Cebits calcules
—_— Echantilonnage 100x100 Anduze Debits calcules
—  Echantillonnage 50x50  Anduze Debits calcules
Echantilonnage 20x20  Anduze Lrebits calcules
—  Echantillonnage 10x10  Anduze Drebits calcules
Echantillonnage x5 Anduze Debits calcules
Echantillonnage 1x1 Anduze Debits calcules
Figure4-55

The simulations are almost equivalent up to a resoldf 50 X 50, beyond this, they are
different There are about 87 cells in a 50 X 50 sample.

Are the results the same for the other events? For other models?

4.4.2. Sensitivity of radar rainfall to spatial resolution

The French metropolitan radaretwork (ARAMIS makes it possible to measure the
rainfall at a 5 minute time step for 1 km2 pixels. The measurements are based on the
reflectivity of an electromagnetic wave on the water drops, which is a function of the
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diameter of the drops. Reflectivity R is thenked to the intensity of the Z rainfall by a
MarshaltPalmer type relationship Z=8R

The rainfall measurement is thus not direct, but is subject to various uncertainties linked
to the measurement device as well as to the rainfall characteristic®w\gbing into too

much detail about the process, this means that radar data usually have to be corrected
using the rainfall observed on the ground. Different products are available including
MetecFrance products Antilope and Panthere, Calamar prodoctsRhea.

287-472 270-455
472-657 4=5-641
657-842 641-827
842-1027 827-1013
1027-1212 1013-1193
1212-1397

1199-1385
1337-1582 1385-1571
1682-1767 1571-1757
1767-1952

1757-1943
19522137 1947-2129

180-359
287-463 .
463-640
640-817
AN 1079-1258
1170-1247 1258-1438

1438-1618
1618-1798
L] 1798-1972

Pmoy = 146.9 mm Radar Dx10 km?

1347-1523
1622-1700
1700-1877
18772054

Pmoy = 140.8 mm
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266-280
380-505
505-631
631-756
756-282
882-1007

1007-1132
1132-1258
1258-1383

Figure 4-66
Radar 25x25 kih Pmoy = 150.9 mm

The question is, how sensitive dhe simulations of the models to the resolution of the
radar rainfall? Is it necessary to keep a 1 km? resolution? How much precision is lost if
only one radar pixel is kept out of 2, out of 3 etc.?

Here we will study the sensitivity of the flood simutats as a function of the radar
images, whose resolution is 1 kmz:

Sampling 1: 1 pixel out of 2, i.e. 4 km? resolution;
Sampling 2: IJpixel out of 3, i.e. 9 km2 resolution;
Sampling 3: Ipixel out of 5, i.e. 25 km?2 resolution;
Sampling 4: Ipixel out of 1Q i.e. 100 km? resolution;
Sampling 5: Jpixel out of 25, i.e. 625 km?2 resolution.

N.B. the sampling computed on the radar image consists in calculating the average value
on every sampled block, i.e. 4 km? for the sampling of 1 pixel out of 2.

Operatingnode

The data base used:

Anduzealt digital elevation model
Anduze.drldrainage model
200901021200.gr d, Panha@eOradar@leés1205. gr dé.

SCS(S=200, w = 0.2, ds = 1),ag-route (Vo = 3, Ko = 0.7)

The files containing the hydnmeteorologicalevents will be built from the radar data,
using different samplings: 1, 2, 3, 5, 10, 25. These files are locatednaddue panthere
directory.

We will use the VISHYR functionFile/ImportExport/CalamaiPanthere? txt to build
the input files for MERREDES (cf. paragrap8.4.2). The dates of the event to build are
fixed between 02/01/2009 at 12h00 and 02/03/2010 at 14h00.

Simulations will be superimposed using the Vishyr Add Station feature
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Result

Epi 1. deb: 01/02/2009,12h00 fin: 03/02/2009,22h20

m3is
140
120
100
a0
60
40
Cb 100 200 200 405) 500 GO0 700
Fas de temps: 5 mn
—_— Fadar 1x1 kmz2
Radar 2x2 km2
—_— Fadar &5 km2
Radar 10«10 km2
Fadar 28425 km2
Figure4-77

The smulations produce almost equivalent results for resolutions up to 5 km, this
corresponds to 22 radar pixels on the watershed. Beyond, a marked degradation is
observed. For this event, the conclusion is that 22 measurement points are sufficient for
the spéial organization of the rainfall events to be taken into account.

Can these conclusions be extrapolated to any radar event?
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5. APPLICATION OF THE KINEMATIC WAVE MODEL
(TRANSFER)

5.1. Introduction of the model

The kinematic wave transfer function computesuaoff transfer from upstream to
downstream on every cell of the watershed. At each time step of the calculation, the
budget of the available runoff volume is computed for every cell, taking the upstream
inflows, the initial available runoff at the beging of the time step, and the downstream
outflows into accountCompared to a transfer function of lag and route type, this
function has several advantages:

i) A more physical interpretation of the runoff velocities; these can vary as a
function of the hydraulic water level, which can be estimated from the
cross section profiles, etc.

i) The ability to deal with more complex cases, which require knowledge of the
actual volumes flowing through every cell at every time step. Examples of
these cases are: storage ieservoirs or overflow areas, infiltration in the
river bed during the transfer.

On the other hand, the calculation times are longer, and the results can be
influenced by the spatial resolution of the square cells chosen.

The model equations are:

The contnuity equation

0A  9Q _

—+ =0
at  dx

The dynamic equation, in which the loss of energy through friction is disregarded:
SH=S

whereQ is the discharge (in fs), A is the surface area of the wet section (en &2nd
S are respectively the bottom slope of the watercoamskthe friction slope (in m/m¥,
the abscissa (in m) anndhe time (in s).

The discharge is given by the ManniStrickler formula, integrating the slope of the
watercourse in the friction slope of:

Q = K./S,RY%6.4

whereK is the ManningStrickler coefficient, in M*.s* and R, is the hydraulic radius
(ratio of the wet section by the wet perimeter) in m.

In MERCEDES, this model is applied according to the following principles:

1 We consider that a rectangular channel @fidth andPc depth crosses every cell
along is complete length. The direction of the channel is determined by the flow
direction derived from the DEM (i.e. 8 possible directions, one for each 45° angle)
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NB : sinceversion 5.0,it is possible to deal withtrapezoidal or triangular
crosssections

1 The ime needed for the transfer of the water on the cell to the canal is
disregarded. The transfer time on the cell is thus the transfer time in the channel

1 When the depth of water in the channel exceeds the depth of the channel, the flow
occurs in a minor/may bed made of 2 superimposed rectangles.

The numeric stability of the model is ensured by the Codraandition.

Figure5-1

Model parameters

The schema involvesplarameters:

Ky: Strickler coefficient, in rH®.s?

/ : width of the canal in m;

Pc: depth of the canal, in m;

g : coefficient that defines the proportion of the upstream inflows to be taken into account
for the calculation of the losses due to runoffpéinsionless.

The model uses the DEM to calculate the slopes; for eachttoedle correspond to the
difference in elevation from upstream to downstream in the flow direction, divided by the
length of the cell.

To calibrate the model, therosssectionwidth will be 50 m over the whole watershed,
and the depth will be infinitemeaning that there is no overflow in the flood pldin

gain time in the process of the calibration, the sample rates will be 50x50 in X and Y.

71



Results

The 28 events of the sate will be recomputed. The production function is the SCS
function.

Comments

The results are good witk,= 5 to 10m*>.s*. However, this value is far from the values
usually used to describe the roughness of the natural(b28sm’>.s%). How can his be
explained?

i) Note that this value partially depends on the values chosen for the width or the
shape of the runoff sections. The impact of ®ection width on the
hydrographs can be estimated by choosing channel widths of 10 or 100 m.

i) The slopes dered from the DEM can be affected by errors, which can be limited
by using the Smoothing function available within Vicair. Test the effect of 1
or more smooths of the slopes on the calibratioK of

iii) The sampling factors which were used, 50x50, might bectmarse. Test other
sampling factors like 5x5, 10x10 for 1 or 2 events.

iv) The conditionsgoverningtransfer in channels and hillslopes assumedto be

different. On the hillslopes the runoff has a low hydraulic head. The
corresponding roughness coeffitie are probablgroundof 1, or even less. You
can check thidy partitioning the transfer classes:

channelgS>25 ha)j K;=20m**.s?

hillslope (S>25 ha) K;=1 m'3s?

(use the file of theipstreamareas, see function Process of DEMiles derivel from the
drainage modél File of the upstream areas in VICAIR)

5.2. Application to the simulation of dam impacts

Figure5-2
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The distributed structure enables any reservoirs/dams orstittenent to be taken into
accour.

N.B. To account for reservoirs, it is indispensable to use the transfer function in
interactive cell mode, like for instance the Kinematic Wave model. These functions
are indeed the only ones that can manage the volumes stored in every cell at every
time step.

Adding a reservoir requires two steps:

1) the reservoir must be declared with its coordinates in menu 1 "Catctatént
2) the functional characteristics of the reservoir must be declared

The first step consists in entering the coordinates of gerveirs, using the optioAdd
on the paneDamsin the Catchmendatamenu.

The following coordinates are entered:
Reservoir R X= 726212 Y=1901101
Reservoir J X=712037 Y=1910680

Reservoir O X= 723287 Y=1905730
Reservoir V X =708737 Y=1906330
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ATHYS - MERCEDES =8 8 |

Drainage directions
/home/agnes/andwze/geo/andwze.dr1 |

[ Catchment Data |
Input files I Outlets
Cell size (m): [ 50 | Num Name X Y 5
1 Andwze 732087 1896330 @I
DEM unit (m): 1 2 Mialet 725353 1904652
3 Saumane 714074 11903636
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Figure5-3

The coordinates of the reservoir have to be checked by viewing the watersheds controlled by the
reservoirs; this can be done using the control fun@ in theDamspanel.
After the reservoirs are declared, thedtimnal characteristics of each reservoir must be

declared,by clicking on the button at the right side of the line corresponding to the
reservoir
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Dams

Num Name X Y
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Edit
Remove |

¥
Figure5-4

Then, appears the table of the correspondence between watgellevolume and output
discharge, to be filled

ATHYS - MERCEDES =88] = |

| Characteristics of the dam 1 |

Characteristics File:

/home/agnes/andwzefretiret] |
Z &

Height (m) Volume {Mm3) Emptying flow (m3{s)

| I I Initial volume o« «

E

25163 0 0 5

255 03 0

260 5 20

270 10 50 dd

280 25 100
Edit

Remove

R

";,
oK [ Undo \ Help \
—

Figure5-5

The output discharge can be due to a botto
The water levels are not directly used in the computation, but are displayed as a graphical
output in he menu 6 in Mercedes (the units are meters), faigHhe last line of the table

must denote the maximal capacity of the reservib@yond this capacity, the output flows
are considered to be the same than the input flows.
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The variations of the waterJels in the reservoirs are stored in a file that must be
declared in the menu 6 of MERCEDES, output filHse water depths are expressed in m

Output files = O X

| Output files |

Output files directory

ﬁomea‘agnesfanduze!result 1,,]| ﬁl
Listing

Ist 3
= E
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res |
[ {.]
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. =8

Criteria variation

| |
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Extension

|1311-es

oK Undo Help |

Figure5-6

Exercise simulate the impact of theservoir during flood event 12 (11/09/1978, at the
outlet of the catchment and at the output of every reservoir. The following parameters
will be chosen:

ProductionSCS: S=230.7mm, la/S = 0.2, w=0.2, ds=1"dfor the cells of the watershed

TransferKW rectangular. K; = 6.99m'3.s, | = 50 m, Pc=10000 rfor all the cells of
the waershed
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The dams characteristics are the same for R, J, O, V, as set in Figure 5
Sampling 10x10
Solution

The results of the simulations are compared, with or without reservoirs, at the outlet of
the watershed.

Epi 1, deb: 11/09/1976,15h00 fin: 14/09/1976.02h00

m3/s
1000

800

G500

400)

200

% 10 2%88 de ter%%s: 80 mn

—_ Station 9999999999-1 Anduze Debits calcules sans retenues
—_ Station 9999999993-2 Anduze Debits calcules avec retenues

4 50

Figure5-7 : Discharges at Anduze with or without reservoirs.

The levels in the dams can be seen by viewing the file defined in&:ige dams did
not overflow, since the maximum levels were less than 280 m during the event.
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Epi 2, deb: 11/09/1976,15h00 fin: 14/09/1976,02h00
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Figure 58
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6. APPLICATION OF THE GREEN & AMPT MODEL
(PRODUCTION)

The Green & Ampt production function is a physicdlgsed model, which describes the
process of infiltration of water into the soil, assuming a rough distinction of the soil
profile between a saturated area aboversaturated area, whose the water content is
constant in space and over tinidese approximations can be accepted for infiltration in the
soils with a coarse texture. The expression of the infiltration is:

£(£) = Ks (?i? + 1)

dF () _

f(t) = — - infiltration capaciy [L/T]

F(t) = cumulated infiltration [L]

Dg = g<-q; = difference between moisture at saturation and initial moisaute [
Ks = hydraulic conductivity at saturation ([L/T]

Y = matrix potential at the level of the wetness front [L]

The advantage of this function is linked to its physical basis, and its theoretical
ability to estimat a priori parameters from the soil data or the "in situ”
measurements.

This schema was included in MERCEDES. A soil reservoir was added, of which the level
describes ongag changes in water storage in the soil. The level depends on the
infiltrated inflow from the surfacepn the deep percolation outflow towards the water
table, and the lateral subsurface flow along hillslope. The deep outflow discharge is
calculated usin@ linear reservoir model. The lateral subsurface flow is considred as a
fraction of the deep outflow. An additional parameter represents the soil depth, which
enables a limitation of the soil reservoir capacity, and allows simulating surface runoff
when ®il saturation is in excess.

The model is made of 5 base parametgrsys, Ks, Y, Ho and 2 parameters associated
with the reservoir outflow dischargerandds.

gi in cm/cnt® = initial water content of the soil. The values theoretically range from 0 to
Os

gs in cm3/cm3: water content in the soil at saturation. In theory, these values range from
0 to 1 (in practice from 0.3 to 0.7) depending on the soils. For instance, the volume of
water at saturation @round0.3-0.4 for sandy soils, 0-8.5for medum texture soils, and
0.5-0.6for clay soils.

Ks in mm/h= hydraulic conductivity at saturation. These conductivity values can vary
considerably, from 10to 10° mm/h. The values £Go 10 mm/h are generally used for
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sandy soils, 1to 10* mm/h for chy soils. Empirical formulas such as the Kozeny
Karman or AlleaHazen equatioran usually be used, even if their efficiency appears to
be very limited (Musy and Soutter, 1991).

Y, in mm= matrix potential at the level of the wetness front. The valuds®parameter
range from 100 to 1500 mm, it is rather difficult to determine them precisely. In the
AHandbook of -1% $3¥)xaorethay yob estimating this parameter is given
based on the BrookSorey formula.

Ho in mm= maximum capacity of soiktorage, in water equivalenThis quantity
theoretically corresponds to the product of the soil depth with the difference of the
average porosity and the initial water content.

w ad. = part of the outflow discharge that contributes to runoff, in the fofrateral
subsurface flowThis parameter quantifies the delayed flow that comes from the outflow
discharge of the upstream solil profiles, and has to be calibrated with observed recessions
of the floods.

ds in days’ = coefficient of the exponential disarge of the deep infiltrated outflow,
simulating the outflow discharge of the soil reservoir (evaporation, percolation,
hypodermic lateral runoff). A valuequal to 1 leads to a daily outflow discharge rate of
63% (=1 -exp(l)), and to a hourly rate outflow discharge of 4% (3kxpd 1/24)).)).

The theoretical values afs range between 0 (no outflow discharge) andcomplete
outflow discharge at every time step of the computation). In practice, ds calateglto

the slope of the recessian logarthmic coordinates

The following example uses the option of spatial variability of the parameters cell by cell,
based on maps that describe the spatial variability of the model parametpososity
(anduze.gsaffile), Ks hydraulic conductivity (anduzi€sat file), Y matrix suction
(anduze.pséle), established from pedotransfer formulas:

Substratum gs Ks Y Ho
cm¥cm® mm/h  mm  mm
Granites 0.45 250 60 500
Shale 0.45 150 110 500
Limestones 0.45 50 210 500
Miscellaneous 0.45 100 150 500
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Es (mn'hy)

Porosités, cm3/cm3

Ho

111-123

¥, en mmn

88-100

100-112
112-124
124-136
136-148
148-160
160-172
172-184
184-196
196-208

Figure6-1
NB : the porosities equal 0.45, but up to now, the decimal values are not displayed in
VICAIR, and the porosities are seen as 0 on Fig.6

The file associated with each of the parameters must be activated w @
icon located justibove this parametefhe icon opens a window that makes it possible to

choose the reference matrix file.
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ATHYS - MERCEDES

E Model parameters.
“ Runoff function
| Runoff class file

|
J Continuous/Event based [Non continu +

=]

i .
[ Transfer function

Routing class file

1/ Select a dass (left cick)

| Parameters values: @ I | @ J” @ Il @ "
Class Id Function ¥ Param 1 Param 2 Param 3 Param 4
([ | [ [ ATHYS - MERCEDES
' [HomogAne [SCS 160 02 MSET SROCHAC T peraastavpoSicion nod

]
‘Baseflow:[No & ...

| Parameters values: @ | @ I
Class Id Function & Param 1 Param 2

| f

1 a | I

| |Defaut KW-rectang.+Darcy S 10

Gl

Class id Function Map
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2/ Associate a map
Homo D& ne |15CS F’fr;:melagualardwe«ié&;&&ensl
[
Min = 60, Max =

) 1
Help I

Figure6-2

®

The

the valus of the parameter will be read in this file.

N.B. these values are automatically multiplied by the value ofhe column of the
parameter (here 1), this value being used assingle coefficient Take care to setthis
coefficient equal to 1 if you want theparameter to be identical to the value readn
the matrix . Like any other parametdhis coefficient can be optimized, (simply double

click left on the corresponding box).

82

icon shows that a parameter is effectively associated with a file, and that




ATHYS - MERCEDES

| Model parameters

| Runoff function

Funoff class file

Continuous/Event based |Mon continu

Parameters values:

i
] 8| & | ®

|

Class Id Function + 5(mm) lafSad.) wiad) ds( 1/jour)
Homogne |SCS Ll 0.2 0.2 |1 Apply
Homogs ne | |SCS [ |160 [|0.2 [|0.2 | |1

|

Figure 6-3 : before6Applyo

It is possible tacombine a clasbased spatialization of a paramegg@ioduction classes or
transfer classes) and a matbased spatializatioassociated with a raster filen this case,
the parametersf each class (here, elevat)anill be read directly in the file, @hmultiplied
by the coefficientsdossiblydifferent) associatedith eachclass.

ATHYS - MERCEDES

o | e

| hModel parameters

| Runaff function

Funoff class file

|a’homefagnesfandmefgeufandme.alt

Continuous/Event based |Mon continu

#
31 &

Parameters wvalues:

Class Id Function ¥ Param 1 Param ¢ Param 3
=< 400 m SC3 0.3 nz 1]
400 -600m  |SCS 1 n.z 1]
= (00 m SCS 1.5 n.z 1]
Figure6-4

To deactivate, erase the name of the associfitedh thewindow hereunder, and validate:
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ATHYS - MERCEDES o |8 %

Maps ssociated with parameter production no 1

1/ Select a class (left click)

Class Id Function Map

<400 m SCS

400-600m | |SCS ‘homefagnesianduze/geofanduze.mnt
=600 m SCS ‘homefagnes/andwze/geofandwze.mnt

=

2 { Associate a map

£
P )
400-600 m |[SCS | Jl‘j|® okl

OK [ Undo [

Figure6-5

In the menu of the parameters, the corresponding icon is no longer in a red square. The
parameter will therappeardirectly in the column (be carefub restoe the correctvalue,
which will probably differ from the previously usedefficien)

Exercise calibrate the model on some floaddsthe base28«t file. Good results arebtained
whensetting at0.1 for the coefficientof the hydraulic conductivities. How can this redust
interprete@ What is the sensitivity of the model to other paaters?
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7. TOPMODEL APPLICATION (PRODUCTION)

TOPMODEL (Beven & Kirkby, 1979, Franchiei al, 1996) is a set of concepts dealing
with the production of runoff induced by the development of contributing variable area,
due to the progressive saturation the the bottom hillslopes (figure 7-1). Within
TOPMODEL, the runoff induced by cellat time t mainly depends on the saturation
deficit d(t), i.ethe equivalent of the water required for saturation of the vertical profile of
the soil at time. This typeof functioning is relatively common in temperate zories,

can also be found in Mediterranean and tropical watersheds.

Saulnier, 1996

(R !’ !
Feas g et
S T 1
{ /
poipp iyl j) /) Précipitations P
/
e b TR
/ Aol /i
pLar
Il

/

ECHELLE
DUBASSIN  Exutoire

Ruissellement
sur surfaces
saturées LR

Ruissellement

Débit
d'exfiltration _

ECHELLE
DU VERSANT

a ()

Figure 7-1 : : Representation of the saturation deficit on a watershed (from
Saulnier, 1996) The extension of the saturated zone is linked to local
infiltration and to the existence of a sabrface lateral flux.

Three main hypotheses underlie TOPMODEL.:

1 the hydraulic conductivity at saturation of the soil at depth z is giverxfay=Ko.exp€f#)
where K, stands for the hydraulic conductivity at saturation at the surface;

1 the top of the water table is parallel to the surface;

1 the subsurface water flows as steady flow;

under these assumptigniscan be shown that the deficit aftaration of every cell of the
watershed is written:
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o) =am-

where d(t) stands for the water deficit on cellé(t) the mean deficit in water over the
whole watershed, anida parameter of the modéh the case of aexponential vertical
profile of the hydraulic conductivitiethe topographic index is defined as:

_ a;
. =Ln(—
! n(tgb)

whereg; is the surface drained upstream from the cell, per unit of contoutgé&nd the
tangent of the cell slope.

The ell is saturated itf(t)<0, in this case, the runoff coefficient of the cell is equal to 1.
Otherwise d(t)>0, the runoff coefficient of the cell is equal to 0.

One advantage of TOPMODEL is that it can be "physically" initialized. The
average deficit of the watershed is iitiali zed as afunction of the baseflow observed
at the beginning of the event Qto):

_ 1 @, (to)
§(to) = _}_"" X Ln (}1 X Ty X exp[—f])

Ais the surface area of the watershiBgK off

Parameters of the model

In the current version, we will consider only 2 parameters:

Ko (mm.hY): hydraulic condutivity at surface saturation. The values used in
TOPMODEL are generally of the order of several (tenths of) m/h.

f(m™): coefficient of exponential decrease in hydraulic conductivities at saturation as a
function of the depth.

These two parameters arengrally strongly interdependent. For the Gardon at Anduze,
Ko will be set at 3m.Hand thef parameter will be calibrated.

Results

The 28 events of the sample will be computed. The transfer function is the lag and route
function, withKy=0.7.
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N°
2
6
7
9
12
21
22
23
27
28
29
34
37
54
56
58
59
65
66
70
79
80
81
86
87
88
89
Moy
s
Ccv

Table 71

Date

15/10/1973
11/09/1976
08/11/1976
19/10/1977
07/12/1977
22/09/1994
19/10/1994
02/11/1994
18/09/1995
03/10/1995
13/10/1995
11/01/1996
20/01/1996
03/11/1997
16/12/1997
15/04/1998
29/04/1998
17/05/1999
19/10/1999
28/09/2000
09/10/2002
23/11/2002
09/12/2002
30/09/2003
15/11/2003
21/11/2003
29/11/2003

f(m™)
15.5
9.2
10.2
14.4
9.4
7.8
7.8
6.6
6.3
7.7
9.6
3.3
3.8
12.1
9.3
24
14.9
12.1
5.5
14.8
6.8
6.9
9.9
9.1
12.4
10.3
8.2
9.92
4.28
0.43

Vo(m/s)

1.95
2.06
2.18
3.15
1.93
2.1
1.84
2.06
2.52
1.62
1.76
1.27
1.18
1.97
6.99
1.45
1.17
1.71
2
2.92
0.84
1.67
1.05
1.43
1.45
1.75
1.82
1.99
1.13
0.56

87

Qmax
(m3/s)
468.2
1047.6
986.7
1159.6
516.9
663.5
843.7
666
909
1572
1383
553.5
632
805.5
11394
466.1
480.8
606.5
622.6
1186.6
445
605.4
605
510.7
668.8
1028.8
1112.6

Qb (M3/s)
1.8
15.6
18.6
0.4
27
9.7
16.3
34
41
38
27
155
91
4.5
10.6
3.9
19.2
135
37
3.4
35
103
45
9.3
21.2
40
46



8. DATA SET UP

8.1. Setting up geographical data
This step sets up 2 indispensable files:

- The DEM (Digital Elevation Model);
- The flow direction file;

and of different optional files dedicated to the classification of the productiomaarsder
units, or to mask one part of the study area:

- The production classes file;
- The transfer classes file;
-  The mask file.

Different formats can be imported for the DEM file (like for all the geographical files
used in ATHYS): GrassASCII or GrassBinayport of Grass GIS), AsciiGrid (export of
Arcinfo, ArcGis, or Maplnfo), Surfer. VICAIR provides the facility required to shift from
one raster format to another.

v -revenss S ©

Progject. Display Corrections Operations Treatment of DEMs utilities| Preferences

Do H & 2B A% =

B oot eort T il
___ImporthxpDrt F

. Vector Format
K-Wieu _
Point Format

Figure8-1

Satellitederived DEMs can be found almost all over the world. The ASTER DEM
(Advanced Spaceborne Thermal Emission and Reflection Radiometer, ~30 m), the STRM
DEM (Shuttle Rdar Topography Mission, ~30 and 90 m), the ALOS DEM (Advanced
Land Observing Satellite, ~30 m) are freely available and can be downloaded from
Websites like :

https://asterweb.jpl.nasa.gov/gdem.asp
https://www2.jpl.nasa.gov/srtm/
https://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm

The flow direction file is derived from a DEM raster, using the functi@EM
process/DEM derived files
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Figure8-3

The drainage file must then be checked, especially to correct the sinks. This process is
automatic and is carried out with the coormddDEM process/Correction of the drainage
model/Detect Fill sinks.
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Figure8-4

The first field corresponds to the drainage file to be corrected, here anduze.dra. The other

fields are automatically filled:
The output file is a drainage file where thiaks are (partially or totally) corrected. This

file systematically has the .drl extension.
The trace file is an image in which the locations of all the sinks of the drainage model to
be processed are stored.

At the end of this process, the followingdisplayed:
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