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1. CA CONTRIBUTIONS IN PHYSICAL GEOGRAPHY

Recent advances in physical geography : A brief review

CA methods for describing physically deterministic systems or for testing research hypothesis
have become much more accurate in physical geography and geomorphology since a few years.

Some of the early researchers in geomorphology
were researchers who built landslide and debris-

flow simulation (Di Gregorio et al., 1994) after the & (‘y-.% -
original sandpile CA of Bak et al. (1987). These N '3?;__’;;@3

simulations have been extended to include lava \ | ¥
(SCIDDICA) and pyroclastic flows (SCIARA 2). :

Fig. 3. (A) Observed and (B) CA-simulated landslide paths, from D’Ambrosio et al. (2003).

D'Ambrosio et al., 2003

Avolio et al., 2006
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=i 1. CA CONTRIBUTIONS IN PHYSICAL GEOGRAPHY
P Van de Wiel et al., 2007 A
Numerous and diversified applications
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Research has since expanded to various geographical objects :
- eolian ripples and dune formation ;

- embedding reach scale in fluvial rivers (CAESAR) "
- transport and sediment flow in floodplain (CAESAR) ;
- landscape evolution (LANDSAP) ;

- rainforest dynamics (DivGame) ;

- soil crust and erosion at plot scale (SoDA)

.... and all others!!!

Vallette et al., 2007
Coulthard et al., 2007
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2. BACKGROUND

Hyper-concentrated floods are flow phenomena widely observed

Spatial occurrence of « hyper-concentrated

--"“""'”\u e
— N @
stream flows » on loamy plateaux of the Paris /" JPasde \ ’9

Basin (1983-2004) A Y e \ ?
Such flash floods are B Dimre il Y
currently observed on | il o= @ “
valleys being part of [Ternois|
loamy plateaux of the [Ponthieu |
Paris Basin : 191
affected areas have _— P
been registered in the --“’-"’C-“"’/]___/éii,
North of France over e y
the period 1983-2005. s o i
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2. BACKGROUND

v Terminology of hyper-concentrated floods
These floods present 200 RAINFALL INTENSITIES PRODUCED
single fgatures quite BY THUNDERSTORMS (1990-2005)
those different from 180
others :

160
1) they are produced 140

during spring or
summer by paroxystic
meteorological events
concentrated both in
time and space. 80
These thunderstorms
provide high rainfall
intensities (ranging to
35 from 200mm) which

120

100

Ranfall (mm)

do not last for more 20 g,
+ rainfall data
than several hours. l | station data
0+
0 60 120 180 240 300 360 420 480 340 600 fime in minutes
0 1 2 3 4 5 6 7 8 9 10 time in hour

Rainfall rate according to official and benevolent data (Météo France/ARAMIS network)
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2. BACKGROUND

B a Terminology of hyper-concentrated floods

2) The overland flow is the dominant hydrological process. Infiltration excess is usually the unique
alimentation source of runoff waters which have an extremely sudden onset. Runoff are produced on
cultivated areas in upstream parts and currently involve a sudden rising peak wave in dry valleys.
Dangerously, a surge may rush down the main valley just a few minutes after the peak of rainfall.

N:HI Roads are traditonnaly built in
talweg to connect valley bottoms
P‘—-‘-"'-—-‘ and upstream parts
N ' Large humid valley
sl : Upstream plates with permanent stream flow

b o e —
N e -

S

Secondary talwegs

micfo-talwegs

A surge may rush down / Inherited hillslopes Outlet inhabited by human
through the main valley settlement
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2. BACKGROUND

['" 4 Terminology of hyper-concentrated floods

3) As a consequence, as valley bottoms and outlets of dry valleys are inhabited by human settlement,
dramatic human and property damage are regularly observed at the outlets.

inundated houses

incised roads Important silt and
blocs deposits
(silex)

cars carried out
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3. PROBLEM STATEMENT

Why we choose Cellular Automata models ?

Dynamics of such type of floods remain still seldom analyzed for the following reasons:

The small dry valleys are ungauged and ﬁ As hydrological data miss,
do not present permanent stream flow. = - - simulating tools are needed to
better understand these floods

A few research has focused on the effects of :
We want evaluating the
the catchment morphology because of the : )
2 : ) influence of the spatial
dominant weak-slope gradients and a temperate ) : :
L . : structures in this region.
oceanic climate characterizing this area.
Morphometric indices are not useful for our — l v
study because they describe the catchment
3 morphology in a planar dimension, in a _ The proposed methodology
static way, and mainly they never consider ‘51-—/ aims to simulate dynamical
the dynamic effects of topography on the i influence of morphology on
surface hydrological processes. surface processes using a

| CA approach.

v
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4. METHODOLOGY FRAMEWORK AND MODELING APPROACH

e Use of RuiCells, A Geographical Cellular Automata (GCA)

Using a common language to others, our CA model was developed to find an iterative method to
measure the influence of each morphological component on the surface flows at different scales.

Rules deriving from the formalism of traditional Cellular Automata (CA) | “Ruicells” is a Geog rap hical
Cellular Automata, a mixture of

{Grid-based operate from local to global)

{anal dynamics controlled by transition mles}

3 Inputs -the traditional CA formalism,
—(Time is viewed as a discrete frame ) (3 Outputs in which transition rules dictate
— e — how the different cell states will
Altitude and its derivative with DEMs . .
—( Simultaneous updating : all cells are conceived to change at the same exact time )— .\(calibrated with a DEMs of 50m length)) Ieact to State Conﬂg urations
present in the neighborhood of
each cell (Von Neumann, 1951,
Wolfram, 1983),

@ates of cells depending on the states of neighbours / Rules university = homogen@

{Auto—cnrrelation controlled by the transition ruIes) .

The Celllular Routing
Scheme of Ruicells

Hydrological rules for modelling surface flows on a geographical space |

4@ lattice of triangular and regular cells (TIN) based on DEMQ

{Absorbing boundary” : the off-grid area have no effect on transition ruleai A 5 ; - the mu Itl p I e tran Sfo rm atl ons

Surface flows Simulations required for the modelling of

A(Three-dimensional CA (Structure in 3DD (in 2D) on a 3D structure hyd rol 0g ical processes on the
|

@nematic wave equations additionned with infiltration and retention tresholdgi Map(g r::;ax);imt:c:ii;;?large g eo g r aphl I Sp ace (D epr a et ere et

AGharp division of the spatial structure in heterogeneous and interconnected oe@ : M0n|0d, 1992’ Tarboton et al .,

AGﬂribution of a hydrological signification on each cell (surfacic, linear or nodesDi e I 1997 for exam pleS) .

—@nw routing partitionning in multiple directions depending on the slope ang@7

More detailed and validated in Delahaye and Langlois (2002) —
Ruicells, outil de simulation dynamique — RIG 12 (4), pp. 461-487
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4. METHODOLOGY FRAMEWORK AND MODELING APPROACH

e The structure of CA « RuiCells » : a lattice of triangular irregular surface cells

Step 1: Creation of a topological
mesh based on a DEM in triangular

—\ / finite elements (like the Local Drain

Villers-Ecalles

Direction Network used in PcRaster).

points extracted

f
of a DEM \ Step] -
Step 3: Construction of

St Martin de Boscherville - - 76m
. e 79
som_ . Q Step 2 the flow graph to form the

cellular unit. Surface flow

®*71lm point

o S‘:f:;:l (nodes) routing is proportlo_nally
Step 2: Attribution partitioned in function of
of a hydrological iear the slope angle.
signification on triangular facet \
h I - Step 3
each cell :
- | | |
§urface cell Elementary Linear cells Local closed _
- linear cell surface cell (talwegs) depressions M
- local depression
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4. METHODOLOGY FRAMEWORK AND MODELING APPROACH

e Parameters implemented at the cellular scale

In each cell, a hydrological model is implemented, controlling the input or output surface flow.
Surface flow simulations are uniquely presented in this study.

Tn One iteration (length-step defined by the DEM) >
| |
Soil, Land use Digital Elevation Map (DEM) Si : inﬁli_ﬁ_ﬂ}un capacity (mm/h)
* Sv : imbibition rainfall rate (mm)
Vi :infiltrated volume ;
month = Initial conditions * Ve - volume entrying in the cell O
Land cover state [ * Vg=Ve+Vp+Vr 1
Sv Evapo- Elevation Vr : volume staying in superficiel cover L
* transpiration | parameters for the future ime-step L
— Rainfall —» | Imbibition || Vs : volume going out in O
rains I I downstream to the cell | <
= Slope surface LL
Si . 0 d
b | >
o Vv — _ n
L » Va Vs Water partitioning ; CEH?{ in —
Ve Flow in Mrati ’ ownstream
upstream infiltration in downstream
upstream surface Emuunt —— * | the call (outputs) D)
— e | =
: Vi Vr _—
— l 2
O

More detailed in Delahaye, Douvinet, Gaillard and Langlois
(2007) European Geographical Union (EGU), Vienne (Poster).
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5. SIMULATION RESULTS AND EMERGENT PROPERTIES

ol Dynamical simulations of the surface flows at global scale

As the upstream surface is calculated on each cell during the simulation, maps of surface flows
can be drawn, and inform on the way in which surfaces are connected together. Here, the slope is
not implemented in the simulations. Simulated hydrographs show spatially surface flow response.

*s d¢ la surface
totale par cellule

Villers-Ecalles (Seine Maritime) T =0

d
<«

St Martin de Boscherville (Seine Maritime) l =
1007
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5. SIMULATION RESULTS AND EMERGENT PROPERTIES

FROM Local and sub-catchments contributions TO Global response

At the global scale, the catchment response express a morphological signature, but the global
response have been broken up in order to identify the evolution of the peak of surface flows

through local scales and since the upstream parts. Simulations show different behaviours and
underline the effect of cascading system between surfaces :

Lézarde St Martin

Essdmes ‘

Elongated form
Dispread network
(14,3km2)

Compact form
Hierarchical network Compact form
(13,4km?) (21,4km?)
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5. SIMULATION RESULTS AND EMERGENT PROPERTIES

A FROM Local and sub-catchments contributions TO Global response

At the global scale, the catchment response express a morphological signature, but the global
response have been broken up in order to identify the evolution of the peak of surface flows

through local scales and since the upstream parts. Simulations show different behaviours and
underline the effect of cascading system between surfaces :

The peaks of the two main sub-catchments are approximately located at the
same distance for the final outlet, and contribute together to the final peak flow.

Essbmes
30

Essomes 25 1ha ] point 0

[ point |
w--eeme poINt 2

25 1

20 4

Surface (ha)
O

iterations
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5. SIMULATION RESULTS AND EMERGENT PROPERTIES

A FROM Local and sub-catchments contributions TO Global response

At the global scale, the catchment response express a morphological signature, but the global
response have been broken up in order to identify the evolution of the peak of surface flows

through local scales and since the upstream parts. Simulations show different behaviours and
underline the effect of cascading system between surfaces :

The similar contribution (1/3) of three sub-catchments explains the regular peak flow increasing on
Lézarde. This catchment present an internal homothetic behaviour (Rodriguez-Iturbe and Rinaldo, 1997).

30 . ] ‘ Lézarde
Lézarde — point 0
25y e point 1
------- point 2
18,78
T 20 \
= 16,59
8 15 .
e
(/3) 10 ' e 817
7 929ha, ¥
5 ' , . J’?,:‘:" : S
32%ha )
0 R
0 50 100 150

iterations
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5. SIMULATION RESULTS AND EMERGENT PROPERTIES

A FROM Local and sub-catchments contributions TO Global response

At the global scale, the catchment response express a morphological signature, but the global
response have been broken up in order to identify the evolution of the peak of surface flows
through local scales and since the upstream parts. Simulations show different behaviours and
underline the effect of cascading system between surfaces :

However, the cascading surface flows become inefficient and the flow-out longer when contributions of
the sub-catchments are shifted for the outlet. And the spatial discrepancy induces such a long flow-out.

30
_ [ point 0
- St Martin [ point 1 St Martin V-
1 point 2 )
= [ point 3
< 20 4
[} 16,82
8
€ 15 4
>
n
10 4
1
5 -
0 o e
0 50 150

iterations
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5. SIMULATION RESULTS AND EMERGENT PROPERTIES

L) Identifying points of efficiency of the drainage network within the catchment shape

- We propose to calculate at the cellular scale
an efficiency index defined as follow :

Qmax IE = Efficiency Index
IE = x 100 Qmax = Peak of surface flow
.J A A = Surface area
Values IE St Martin de

730 Boscherville
- 40 (13,4km?)
I 50

55 i .

> 1 the max :

ax (>55) IE = 74

urbanized areas

Values obtained on selected cells

Qmax (ha) Surface (ha) Indice |IE

o 1 5741 124,75 51,12

4 2 10,88 340 59,01

5 17,07 762,48 61,71

L 4 17,07 1247,67 48,33

- Higher values suggest that the maximum length
of cells located at the same distance from the oultet
(defining Qmax) approaches the average diameter
of a catchment (so a perfect circle). Such a indice
identifies all the “neuralgic points” in upstream of
which the spatial structure Is strongly efficient.

Values IE
-u 30 .
S Lézarde
50 (13,5km?)
l 55
max (>55)
N
0 1km
Values obtained on selected cells
Qmax (ha) Surface (ha) Indice IE the max :
1 7,85 314,65 4425 IE =57
2 16,68 945 12 54,25
3 19,45 1351,12 52,91
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5. SIMULATION RESULTS AND EMERGENT PROPERTIES

Testing and evaluating efficiency of various drainage networks

- We can define, with the help of RuiCells, a theoretical surfacic hydrological potential at local
scale and detect spatial configurations in which the network is the most efficient. We also have the
same efficiency with different patterns (so the same effects but not the same causes...).

- Maps allow localizing efficient points while the global catchment scale can screen such potential.
- Such spatial configurations can became dangerous if rains are concentrated during a few hours.

212

201

G020

a0 If-'}_ >~ \/ m:_‘[;

[E=63.8 Al
ST L s IE=56,1
5=3,85

"

215

IE=64,9 f*
5=5,56

IE=67,6 { > R IE=57,8
=67, 5=5,85
5=3,81 L

IE=63,8
5=1,93
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6. SUPPLIES AND DISCUSSIONS

Theoretical and methodological contributions

- In all points within a catchment, we can simulate its theoretical response.

- Results highlight that the structural organisation of the catchments, the local
connections between surfaces and networks, and distance from outlet, explain the
emergence of morphological signature at the global catchment scale.

- Maps of Efficiency index allows comparing theoretical hydrological potentiels for
areas presenting different spatial configurations. This also show similar efficiency
(the same effect) for various network patterns (different causes).

- While classical morphometric parameters are looking for scaling effects or power
laws, this approach leads to track anomalies which determine original responses.

So, the concept of “catchment scale”, classically used in hydrology, is not adapted
for assessing such flash floods. The spatial structure is here more relevant !
We observe in all points of space “emergence processes” in hydrologic response.
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6. SUPPLIES AND DISCUSSIONS

A simple tool for assessing flood risk

The CRS of RuiCells also leads to implement other parameters (land use, rainfall data, runoff
coefficients, initial water content, urban areas... hedges, roads, burrows, in development). So
additionning one to one other parameter, we can control the complexity of our model and
mainly we can validate or not our research hypothesis.. It is fundamental in complex systems!!

V : 55000m* - 92000m* 295 000 m® 80 000 m®

V : 148000m°? - 369000m? Qmax : 3 - 6m3.s-1 N Land use 152 000 m® Villers-
Qmax:12-23m3.s-1 I [ Com Ecalles
B Marze VILLERS ,ff— . (13,4km?)
VILLERS [ Flax s 1
B wood Punn"'\ ) T
[ Grass land m I
[ uUrbanized area
i N
Villers-
Ecalles Stream flows I
(13,4km?) B > 4om.
- 20m.
—
. >6m.
= ol Reop ) :
® flows stopping effect sl _\1‘ =t
0 1000m V : 148000m? - 287000m3 Moy, (1) L E A Cumulative discharges (m?)
8. 3 e-1 e N 0 Tk
Qmax :8-15m3s < B 224973
B 113269
; — 2465
1h 2h 3h 4h 5h 6h Py poun@s of measurement used — 1494
Land use cover Runoff coefficients 0 for simulated hydrographs = 200
Corn 0.2 g 5 ] parcellar limits
|Maize 0.4 = 10 N
Wood 0.05 E
Forest 0.05 T‘i 20
Fla 0.2 <4 80 in 6h H H H H i
Urbess ondonde 5.4 2 AL More detailed in Delahaye, Douvinet, Gaillard and Langlois (2007)

X European Geographical Union (EGU), Vienne (Poster).
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