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Abstract. Floods result from the limited carrying capacity of ~ On these bases, a mathematical model able to identify
stream channels when compared to the discharge peak valueones where river processes are more active is hereinafter
The transit of flood waves — with the associated erosion angroposed. Attention is paid to erosion and sedimentation pro-
sedimentation processes — often modifies local stream geontess at the regional scale, i.e. within an area characterized by
etry. In some cases this results in a reduction of the streanhomogeneity in its morphological and structural characteris-
carrying capacity, and consequently in an enhancement of thécs. Since information availability is of foremost importance
flooding risk. in practical use, the need of detailed data about the involved
A mathematical model for the prediction of potential alti- components is avoided.
metric stream network evolution due to erosion and sedimen- The model has been tested with reference to the drainage
tation processes is here formalized. It works at the regionahetwork of the Valle d’Aosta region, Northern Italy (Fig. 1).
scale, identifying the tendency of river segments to sedimenStreams are therefore identified where the sedimentation pro-
tation, stability, or erosion. The model builds on geomor- cess is more active and, as a consequence, the flood hazard
phologic concepts, and derives its parameters from extensiveends to increase. By locating the most hazardous zones, it
surveys. As a case study, tendencies of rivers pertaining t@s possible to concentrate the economic resources where they
the Valle d’Aosta region are analyzed. Some validation isare more urgently needed.
provided both at regional and local scales of analysis. Local
validation is performed both through a mathematical model
able to simulate the temporal evolution of the stream pro-

file, and thro_ugh comparison of the _pred|ct|on with ante anOIDif“ferent factors, e.g. climate and morphology, interact in de-
post-event river surveys, where available. Overall results e, mini ; ; .
ermining the stream network evolution. In particular, cli-

strongly encouraging. Passible use of the information de'mate is the most important solicitation of the system, while
rived from the model in the context of flood and landslide b y ’

e . morphology is involved in sediment transport. For these

hazard mitigation is briefly discussed. ) ) .
reasons a complete study of erosion and sedimentation pro-

cesses should be based on the knowledge of many compo-
. nents. However, to apply the model in a wide variety of
1 Introduction cases — a basic aim of the present work — a simple model
is proposed in the following, which needs as few information
as possible.

2 Available information

The identification of flood prone areas is being carried out

f'rom the viewpoint qf both scientific resgarch anq regula- Following Rodriguez-lturbe (1997), the hydrologic input
tions. For many regions, flood maps which identify zones;q jascrined, for each stream, by means of a reference dis-
subject to the flooding risk are available. Even though thes%harge,Q, evaluated from the knowledge of the contributing

maps are very important, they represent just a first attempl, o 4 “a¢ the specific location along the river network
in the identification of the hazard zones, and some problems

related to their use were reported. An improved descriptionQ o A* Q)
of the actual hazard can be obtained, for example, from thq3
availability of maps describing also flow depth and velocity
in the flooded area. Besides, it was noticed that cross- sectio
modifications can be induced by the transit of a flood wave,
in some cases increasing the hazard level.

ifferent « values are associated to different reference dis-
charges:o=1 describes the mean annual discharge.75
describes a discharge with return tifie1.5 years. Since a
sort of equilibrium between the most probable annual flood
(T=1.5 years) and the long term average channel forms can
Correspondence tof. Ghizzoni be assumed (see, e.g., Giannoni et al., 2005), in this work
(tatiana.ghizzoni@cima.unige.it) the valuex=0.75 is used. Moreover, the 0.75 exponent at
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Fig. 3. An example of cross-section data.

d, can be related to the reference discharge as

Ux Q™
Cr w o QP 2
D\TTIR o
= o v The discharge itself is the product of flow velocity, depth and
NA SN width. This impliesn+b+ f=1. Through Eqg. (1) it is there-

N fore possible to relate these local quantities to drained area.
Relations in Eqg. (2) have been calibrated by using avail-
Fig. 2. Dora Baltea River Basin and cross-sections location. able surveys data from the Dora Baltea River and some of its
tributaries: Lys, Buthier, Dora di Valgrisanche, and Cignana—
Marmore (Fig. 2). Since (2) refers to a rectangular geometry
higher flows is a measure of storage in river valleys and a°f the river cross-section, the shape obtained from surveys
consequence of the fact that rains of high intensity rarelydat@ has been simplified accordingly (Fig. 3). In particular,

cover the entire basin, but are instead widely and irregularlythe conversion of. act.ugl river s_ections in rectangular ones is
spaced (Leopold et al., 1964; Rodriguez-lturbe and Rinamoperformed by maintaining section area and depth at bankfull

1997). The increasing of contributing area along the streanfliScharge conditions. Parameters’ values originally proposed
network can be obtained from a Digital Elevation Model PY L€opold and Maddock (1953) are confirmed by the anal-
(DEM) through the identification of drainage directions and YSiS Of the Val d’Aosta cross-section data as

the river network. For the present study, the DEM cell size isp = 0.5 f=04 m=0.1

25x25m. . . I .
By relating reference discharge to contributing area in the

The hydraulic input to sediment motion should be derivedform proposed in (1), and assuming a 1.5 years return time,
from the knowledge of the local depth. Its value dependsstream width and depth for Valle d’Aosta are described as
on the reference discharge, the local slope value, and cross-
section characteristics. While the local slope value can bed =154%° w =404 ®)
evaluated, with some uncertainty, from the DEM, other rele-
vant cross-section characteristics are only available from surg  Sediment transport
veys. According to the Leopold and Maddock (1953) theory
about the geometry of stream channels, the mean flow velocErosion and sedimentation processes depend on the stream
ity, U, the width of the stream cross-sectian,and its depth,  ability of transporting sediments along the river. Sediment
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discharge can be evaluated by using different approacheso difficulties in evaluating the local slope from DEM data,
By analyzing the granulometric curve observed in the stud-limit a direct application of the equations above introduced
ied area (pertaining to the Italian Alps) it is possible to notein a model based on balance concepts. Conversely, to iden-
that the convective sediment transport is more important thanify stream elements subject to changes in elevation follow-
the dispersive-diffusive mechanism. In this work reference ising flood events, i.e. reaches prone to erosion or sedimen-
therefore made to Meyer-Peter and Mueller (1948) equationtation, it is enough to identify trends, not to provide exact
written with Einstein’s (1950) parameters (Chien, 1954) in forecast of the drainage evolution. The following procedure

the form is therefore proposed.
1 3 1. DEM elevation data are used to obtain a description of
¢=8 <_ - 0-047) (4) the river network, contributing area to each locatign,
and local slopes;
with
qs 2. Equation (3) permit the estimation of cross section
¢ = \/ﬁ (5) width, w, depthd, and of the hydraulic radius;
o 89S 3. If RS>7-10"%m, (9) is used as estimator of the local
ps—p  gds sediment.discharge value, KS<7-10~4m, sediment
v = [ p . v’z} (6) transport is null;

: 4. Unless sediment transport is null, a mass conservation
andgs specific sediment discharge, equation is applied between adjacent cells along the
¥, @ Einstein’s parameters, drainage direction in the form
p fluid density, ,
ps sediment density, q5' —q" AR (10)

g gravitational acceleration, A N

ds sediment diameter,
v’ friction velocity caused by surface roughness.

When hydrodynamic conditions allow significant sedi-
ment transport, the Shields’ parameter is much larger than
its critical value, i.e. 1y >>0.047. In these cases, sediment

Due to instability problems, it is not possible to modify
the riverbed elevations by usintgh values. For this rea-
son Eg. (10) is used to estimate the tendency to erosion
or sedimentation

discharge can be evaluated as if Ah>0 river bed elevation increases
5 if Ah<O river bed elevation decreases
— 2
qs = /pS ’Og -8 <( Y )) (Rj)% @) 5. A variation of elevation is applied to locations subject
P vs =V

to erosion or sedimentation

if 0.0007 m<RS<0.007 m DEMEO.01m
if RS>0.007 m DEME0.05m

whereR=wd /(w+2d) is the hydraulic radius, anflithe en-
ergy level slope. Characteristic values can be introduced in
Eq. (7) as

3 This procedure has been iterated till it was obtained equi-
ps = 2650kgm librium between erosion and sedimentation processes, i.e. till

p = 1000 kg'm® most cells were in stability situation. In other words, this pro-

g =9.81mys cedure has been stopped when the product between hydraulic

Y = 9810 N/m? radius,R, and local slopes, was less then-I0~4m in most
cells.

ys = 25996 Nm?> (8)

The map of altimetric stream network evolution is finally
Assuming uniform flow motion (i.e.,;j=S, where S is obtained as the difference between the original DEM and the

the local slope) the sediment discharge in flows charactermodified DEM. Results for the Valle d’Aosta region are re-

ized by large Shields’ parameter values (i.ey 3~0.047  ported in Fig. 4.

or RS>>7-10"*m) can be evaluated as

gs = 151(RS)? @ 5 Resultsand validation

Results are validated by using two different approaches: the
4 The model first validation is obtained by comparing model’s results, ex-

pressed in map format, to the location of alluvial fans re-
On the basis of mass conservation concepts, a change iported in the PAI map (a map of the hazardous zones, pro-
riverbed elevation could be expected to be related to sediduced by basin authorities); the second one is based on re-
ment discharge balance upstream and downstream of the Isults obtained from a sediment transport model, developed at
cation under examination. Instability problems, mainly due the local scale (Lomazzi, 2004).
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Fig. 4. Altimetric stream network evolution: yellow is stability, red is erosion, and blue is sedimentation.

By analyzing the map of Fig. 4, it is possible to verify that ~ The final segment of the Ayasse river, a tributary of Dora
— zones characterized by sedimentation processes ar%altea, hgs been analyzed as modified by the flood event
mainly localized at the end of tributaries, when they occurred in qutlhern -Italy on 13-15 Ogtober 2000. Avgll—

reach the valley bottom with a rapid slope ,reduction' able surveys divide this 429 m §§gment in 14 cross sections,
' whose shape has been simplified to rectangular geometry.
— zones characterized by erosion processes are localize§)pstream and downstream boundary sections, located on two

on the contrary, in the mountainous part of rivers, wherelarge weirs, were not changed during the flood event. Ac-
slope is higher; cordingly, boundary conditions are set to produce no varia-

. . . . ] tions in elevation.
— the Dora Baltea river is not involved in sedimenta-  The flood discharge has been estimated by means of the

tion/erosion processes, but it is stable. DRIFt semi-distributed rainfall-runoff model (Giannoni et
By comparing the map of Fig. 4 to the PAI map it is possible al., 2005). The rainfall input is provided from two rain
to verify that: gauges: Champorcher-Chardonnay, located approximately

in the center of the Ayasse basin, and Donnas-Clapey, 3 km

— allalluvial fans reported in the PAI map, and mainly lo- gownstream of the confluence with Dora Baltea River. Rain-
calized at the end of Dora Baltea’s tributaries, are iden'fa” data have been considered from 1 September to 16 Octo-
tified by the presented model; ber. The rainfall-runoff model also requires temperature and

solar radiation data to evaluate the soil moisture conditions

before the flood event. The hydrograph produced by DRiFt
presents a total volume of 1%40° m3 and an average dis-

— some reaches, mapped by this model as prone to sediharge of 93 i#/s; this value is assumed as the discharge in-
mentation processes, are not identified by the PAI mapput for the evaluation of the evolution in time of the reach
as alluvial fans. It would be very interesting to study under exam.
them in detail to verify the reliability of the presented  Through the HEC-RAS hydraulic software, it has been
model. verified that 1) both ante and post-event bottom profile im-

ies for all cross-sections a depth which is always lower

an the critical depth, 2) the maximum depth of the Dora

— 90% of smaller alluvial fans, localized in the mountain-
ous part of the rivers, are identified by the model,

The second approach used to validate the results is bas%

on a sediment transport model developed at the local scal%altea river at the confluence with Ayasse River during the

(Lomazzi, 2004). This, differently from the regional scale flood event (8.73 m) does not perturb the stream in the ana-

ngelé\?:ltgz;;esﬂt]zebzlgEig;f/::ggg;ogcifof dzﬁactg &ipéf_'lyzed reach. Therefore, steady supercritical flow conditions
Y g 9 YEI are assumed for the simulation.

Peter and Mueller sediment transport theory plus a simple Hydraulic data have been used as input to Meyer-Peter

baIange cpncept. The model has been tested on a reach Whea{ﬁd Mueller theory (4), to evaluate sediment discharge: in
the variations produced by a flood event were known. In this

. é)articular, from the granulometric curve observed in the an-
case, ante and post-event surveys were available. Another

peculiarity of the chosen segment is that the banks CannoElyzed reach, sediment diameter value can be estimated as
be modified by the flood: this allows modeling only bottom ;=0.02m. The total sediment load for the sectign, is
level variations, without considering width changes. Qs =¢qs-w (11)
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Table 1. Ante and post-event bed elevation, simulation results and \\
their difference. w2
360 h
[EVEL [m] DIFFERENCES [m] 3 \
sezioni ante post simulation post-ante [ simulation-post o N
34 364,2 364,2 364,2 0 0 g \
33 363 363,3 363,2 03 0.1 g <
32 362,2 362,5 362,3 03 0,2 S 5 it
31 360,3 361,5 361,6 1,2 0,1 ‘\;. R
30 359,2 361 360,3 1,8 0,7 a2 -
295 359 3594 359.3 04 01 \
28 356 356,7 357 0,7 0.3 oo ~
26 354,2 3544 354,7 02 0.3
2254b 33552é4 gg;"; ggg’g g’; 8’?} i [ 50 100 150 00 0 00 0 400 450
22 351,2 351,7 352 0,5 0,3 chainage [m]
21 350,2 3513 351.1 1.1 0.2 ——ane - _simuation et
20 349.1 3505 3504 14 20,1
19 349.1 349.1 349.1 0 0

Fig. 5. Ante-event, post-event and simulated river bottom profiles.

Bed level variations have been estimated by imposing
mass balance for every cell (cell surface is a function ofmore active. Processes of sedimentation during flood events,
cross-section size). Mass balance implies that the level variby reducing the river cross section, are likely to increase the
ation in the downstream celzp, is evaluated as flooding risk in these streams.
The identification of reaches in which the sedimentation

Azp = MN (12) process prevails is a first step for the development of further
b investigation, to be performed at the local scale, needed to

where confirm or reject regional scale results. From this viewpoint,

Q;.u=Qj in the upstream cell [Rs] the model is a useful tool to concentrate economic resources

Q;,p=0; in the downstream cell [As] in flood prone areas.

Sp is surface of downstream cell fin

At is the time step of the model [s]. Edited by: V. Kotroni and K. Lagouvardos
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