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Main goal:

The mathematical analysis clarifying the modelling of the problem

FowLer, A. C., Kopteva, N., and OakLey, C. (2007), The formation of river channels, SIAM . Appl. Math. 67,
1016-1040.

Uy = ('u-g.-‘l’.ﬂ)ﬁﬁ _|_ ']'_{.3-".'.2-_-

o0
/ ug-*fgdn =1, uw—0 as n— +oo, t—10

*Global formulation?

«Solvability?
*Numerical analysis?

Global formulation and suitable notion of (weak) solution

(Hilbert, Paris, 1900)
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2. Modelling

River formation: turbulent flow 21 ;T

Figure 2: Geometry of overland flow.

n=s+a+h.

s=hill slope elevation
h=water depth
a=bedload layer thickness

Overland flow over an erodible
substrate

Non cohesive sediments

Sediment transport

Bedload transport




Model equations

Sediment transport

Hydraulic Flow Conservation of mass and momentum

Conservation of mobile sediments

Exner equation (land surface evolution)

Constitutive laws

Geometric relation between depths

Dimensional model equations

Parameters definition and estimation

n=s+a-+ h.

Non-dimensionalisation

Dimensionless equations

Asymptotic limit Reduced model



Model equations

Conservation of mass and momentum

( hi +V - (hu) = r
< wit (u-Viu = —qVn— f|-:.|u. (2.1)
Conservation of mobile sediments
ps(1—0)a, +V -q, = ps(1 — @)ugy (2.2)
Exner equation
ps(l—@)sy = —ps(1 —d)va + ps(1 — O)U (2.3)

Geometric relation between depths

n=s+a+h




Turbulent shear stress Shields stress Effective stress
T = f_pg-‘|“|“' u= Te Te =T — jpgDSTS
ApgDy

Meyer-Peter and Muller Law (1948)

Critical stress

1/2
pw Apg

Bedload velocity

qy = ( ?SJFL ) (TE: — Tﬁ)ifig Te = ﬁfjpgﬂs

K 3/2
b qn vy = ( —3 — ) (Te — Te)2!
b= 0d1 — d)ao pu - Apg(1 — ¢)ag
Constitutive Laws
o= p.(1 = Dan(r)N. va=ku(r) [1- 2] (2.5
iy n

Transport rate Abrasion rate




Non dimensionalisation

r~rp, U~Up, wv,~uvp, wvq~ Up,

d
os~d x~lo te [t =5m T~ (7] = fpo Ul
D
1/3
_ (grpd ITp
uw[u]—(f) , a~ag, h [h]—ﬂ(qd)
( K|[r]3/? )
Up = .
pud*Apg(1— ¢)a
Parameters
[u] Up [h]
F p— = —, .{5 = —,
()72 =~ p d
D
V= ﬂ—ﬂ 0 = E ~ w—n J{_r)) p— &p >

(h|’ ay drp’ pwlh]

il



Dimensionless equations

dehy + V.(hu) = r,
uju

(SFE[(SEut + (HV)H] — —Vﬂ — T.l,

n = s+ oh+ dva,
dvaa; + V.[aVN| = aA,

5p = —A —+ U:,
Te = ||.l|11 o ,8?5:,
V=lr-nl?, A=[-d.V, N=7m

Parameter estimates

F?~0.1, e~10"2% §~107°,

a~01 p£~01, v~0.05 71.~0.5.



Reduced model

V.(hu) = r,
lufu
0 = —Vp———,
T
n = s+40h
V.[aVN] = aA,
S = —A + U:,
T. = |ujlu—pfVs
n=0 and @:U on JdD.

on




Downstream flow

direction
Vi1
n=-——
Yl

Vilgn] = r
h. 3-"'3 5" 1 _,-'".2

=
|

Stream slope

S =|Vn

Bedload thickness

a=1

Te = —(h+ 3)Vn+08Vh.

1
ss=U — —V . [VN]

Water flux
qg=hlu|
V/
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Figure 3: One-dimensional hillslope geometry.



Linearisation of the geometry (only)

Approximate model

0 o0

: : : — r
dr o Uy .STD o U
oy 55‘ h U av n o |V [dn 86 Oh
ot ot Or Oy |Sy |9y h+ 030y

y = 51;"2}: =67, t = ot




y — ‘{EJ‘:l._,.--"z};-:h .ﬁr — 5‘21 = 51"

dq 9] {q a0z }

or oy |say| — 7
0z 5@ o ov N o [V oz B Oh
ot o Or OY |S|9Y hLB3OY

2li 07
r‘_E: — =0 on y==+L
dy Oy

g=V =0 on r=10
Z =0 on =1




H Q r F TE - 1/6
0Q 0 1Q0Z1 _ s,
dr Y | SaY
51/2 oz ﬁﬂﬂ _ sy OF N o |F (9Z & OH
or or Oz 9Y | S |9Y H446/330Y

TE ~ {H + 51"*;3.5)5, Q — H 3/2 Srl_,e“?




T 927z

Edz oH _ Sflgl_;"'ﬂﬂﬂ_,ﬁ;ﬁ + 5"1_-“';2 o —+ C pr—
aY 2

S 1.-":.
’ oT i aT Y

PR oH
[JH aYy ]

Nonlinear evolution equation

OH 10y o o O 0 OH
= L,Srf L.|__’]|1':|. / 2 HJH 2 I.Sfl / 2 : -Lj.H 1 / 2 :
dT * dY | dY

H — 0 as Y — +oc

H — 0 as 1 — 1




dq 0 [qoz
— — — | == =
dr OY | Soy

L/§1/2 |
f qdY = 2Lrz/§"?

_L llf"é :l-."'.E

Integral constraint

- ELFT
3/2 v -
/_,x, H™ dY - g1/2

In the special case of S’>0 we introduce the following change of variables

Ei ! ;; ! 2/3 G 1';.6 L_qf LST 1 "III;E 2 xj. 1";;2
= (2 rr)u, T =~ Y= (=
H (3) (Lrz)*u, T (d) (Lra) /3 (35,) n




U = (-11.3-“52 jﬁ.ﬁ. + -u.j-'“iz,

o
/ wWdn =1, u—0 as n— +oc, t—0

W — O

FowLERr, A. C., Kopteva, N., and OakLEY, C. (2007), The formation of river channels, SIAM J. Appl. Math. 67,
1016-1040.

-Degenerate nonlinear diffusion equation suggestive of compact support
solutions (velocity of the free boundary, Darcy law, ???7???

- Source term suggestive of blow up  (?7?7?7?

- The flux is discontinuous at the free boundaries (N0 detail about its role
In a global formulation)

Merely, the authors made mention to the book

SamaArskl, A. A., Gacaktionov, V. A., Kurbyumov, S. P., and MiknaiLov, A. P., Blow-up in quasilinear
parabolic equations (Walter de Gruyter, Berlin, 1995).



3. On the mathematical analysis of the model: the stationary problem.
We consider the above problem assuming an initial thickness perturbation uy(x)
satisfying some natural physically based hypothesis.

For the sake of simplicity of the exposition we also assume symmetric the initial
data

We replace 3/2 by a general exponent m>1.

We assume uy(x) be a bounded and non negative function with a compact and
connected support  [—Co, (o] suchthat  |5™ u(x) dx = M/2

Problem: Find a continuous curve (: [0,+0oc) — R™ and a function

iu:pP— {0. JFCX:) D —=11..0. Qu=1(0.C). Q =1(0. 1) x {f} such that
o= (") Fu", in D'(P),
u(x,0) = up(x) a.e. x €y,
u(x, 1) >0, a.e. (x,1) € P,
u(x,t) =0, a.e. (x,1) € P,
(SL)4 ((0) =y and {(t) >0 for any >0,
u(l(t),1) =0, (") (0,1)=0 ae. te(0,+00),
(1)
u(x,t) dx = % ae.r € (0,400).
L0




Strong local formulation

No classical solution of the nonlinear partial differential equation
Degenerate parabolic equation

Two unknowns: u(x,t) and the free boundary ~ { : [0, +00) — R

Global weak formulation (x, 1) € (0, + o0) x (0, 4+ o0).
Usual weak formulation: extend u(x,t) by zero outside P=U ol
and use the distributions sense: i.e.  u € C([0,+00) : L*(0, +00))

and for any test function @ € C?((0,400) x (0,400)) N C?((0, +00) x (0, +00)).
o(-,t) with compact support in (0, +oc0) and ¢(-,7) = 0

T —+o00 T —+o00 T —+00 —+00
- / / oy + / / U O, + / / um = — / u(x,0)o(x, 0).
0 0 0 0 0 0 0



In general, well established theory for weak solutions:

Oleinik, O.A.,Kalashnikov, A.S. and Chzhou Y.-L., The Cauchy problem and boundary prob-
lems for equations of the type of non-stationary filtration, Izv. Akad. Nauk SSR, Ser. Mat.,
22, 1958, 667-704 (in russian).

Aronson, D.G., Regularity properties of flows through porous media, STAM J. Appl. Math.
17, 1969, 461-467.

Bénilan, Ph., Evolution Equations and Accretive Operators, Lecture Notes (taken by S.
Lenhart), Univ. of Kentucky, 1981.

Gagneux, G. and Madaune-Tort, M., Analyse mathématique de modeéles non linéaires de

l'ingenierie petroliére. (Mathematical analysis of nonlinear models of petrol engineering).,
Mathematiques & Applications, 22 , Springer-Verlag, Paris, 1995.

Meirmanov, A.M., Pukhnachov, V.V. and Shmarev, S.1., Evolution Equations and Lagrangian
Coordinates, Walter de Gruyter, Berlin, 1997.

S.N. Antontsev, J.I. Diaz and S.I. Shmarev, Energy Methods for Free Boundary Problems:
Applications to Nonlinear PDFEs and Fluid Mechanics, Progress in Nonlinear Differential
Equations and Their Applications, 48. Birkh&user, Boston. 2002.



Main difficulty:

the flux, «™(¢(¢).t). near the free boundary can not be continuous

SamArskl, A. A., Garaktionov, V. A., Kurbyumov, S. P., and Mikuaiov, A. P., Blow-up in quasilinear

parabolic equations (Walter de Gruyter, Berlin, 1993).

If the above global formulation is correct (case of zero flux near the free
boundary) then there is blow-up in finite time: contradiction with

{(r)

M
."?F".r 1"):_
/u (x,1) dx >

0

Going forwards to a global formulation:

a.e.r € (0,+00).

Oliver Heaviside (1850 —1925)  |dHx)/ dr=8lx)

1LOF

0.8

0.6

- -———---0 1

04

d(z) =

0.0 0

f

+00,

=10

x#0

Paul Adrien Maurice Dirac (1902 — 1984)

—

d(z)dr = 1.

20

o

[ st —1)dt = f(T)



http://upload.wikimedia.org/wikipedia/commons/e/e7/Dirac_distribution_CDF.png
http://upload.wikimedia.org/wikipedia/commons/e/e7/Dirac_distribution_CDF.png

The stationary case: ¢ — "™

M

+00
Ve —v =0, . (0)=0, lim v(z)=0, / v(z)|de =
0

r—+00

Our first commentary is that the formulation does not correspond to a standar
constrained problem of the Calculus of Variation. Indeed, if it let an standard
constrained problem the solution would coincide with the solution of the constrained
minimization problem:

. ™ M
Min, ey J(v), such that 0'(0)=0, lim v(z)=0, [ G(v)dr = -
0

r—too

1 +oo 1 +oo
J(v) = = v, |?de — = lv|?de, and G(v) = |v|.
2 J, 2 J,

i

+oo
Min,ex J(v) + )\/ Y (v)dz, such that 0'(0) =0, lim v(z)=0,
0

r——400

o ;
—Vze —U=AG(V), | —VUp —U = A|  which is not our equation !I!




Discontinuity of the flux near the free boundary:

VgtV = 0 v(x) = Acosx+Bsinx

{v > 0} = (0, o)

ve(x) =01tz & {v >0} =(0,C(0)-
limgy »c V() is strictly negative
(since the function is passing from positive values to zero)

Uz 18 ot an integrable function on (0, +00)
but a measure with a non-zero singular part.

b= —Vgpr € M(0, +00),
space of Radon measures Johann Karl August Radon (1887-1956)

L.C. Evans - R.F. Gariepy. Measure Theory and Fine Properties of Functions,. Studies in Ad-
vanced Mathematics, CRC Press, Boca Raton, 1992,

— vy = v on {v > 0} the (signed) Jordan decomposed of 4 = e — fi_

Marie Ennemond Camille Jordan (1838 —1922)



ty = v (with is in I (0,00)) M- = —coc,, for some ¢ > 0,

alternative notation 0. = dafu=0}
oo oo oo M M
U:/ d}u.:/ Ud:‘.t?—/ diy- = — —c<o,_.1>=——c,
0 0 0 2 ' 2
necessarely, p_ = —% 0.

+00 (oo +o0 M
0= / d_Ju. — —/ Vo dT / d,b!-_ — —Ux({::o) —
0 0 'mx: 2

the flux 1s determined by the integral constraint

N M
limg qco Va() = — 5
([ Vpy + UV = %5@-@, ae.x € RT,
_ v(x) > 0, x € [0, (o)
(SP) 4 _
v(x) =0, T > Coos
[ v.(0) = 0.



Proposition 1. Given M > () there exists a unique solution (v(x), {..) of (SP) given by

M
(oo = . and  v(x) =—cosx [1 - H (,x — E) ?
) 2 2

where H(x — m /2) denotes the Heaviside function located at m /2 i.e.,

o(x) = { (M/2)cosx if x €[0,7/2].

0 if x € (n/2,4+00).
0.4
0.2 ..\Il\\_
0 I. - >
1 0.5 1 _ ‘IZSX 2 25 3
-0.2
04

Remark. Problems of this type arise in fluid mechanics (the Bernoulli problem),
combustion and plasma physics.

Diaz, J. L, PapbiaL, J. F., and Rakoroson, J. M. (2007), On some Bernouilli free boundary type problems for
general elliptic operators, Proc. Roy. Soc. Edimburgh /574, 895-911.



4. The parabolic problem.

Next, we shall show that in order to generalize the global formulation, obtained
in the stationary case, to the parabolic case, it is not enough to consider the
presence of the Dirac delta. In the parabolic case, the Dirac delta does not
prevent the blow-up phenomenon.

(= () + 0™ = Lopiiymy, DR x (0,7)),

w(r, 0) = ug(x) a.e. v € (0,¢)
u(x,t) >0, a.e. (v, 1) € Pr,
(Fo) <
u(x,t) =0, a.e. (r,t) ¢ Pr,
u(C(t),t) =0, u,(0,) =0 a.e. t€ (0,7,
(

L ¢(0) = ¢p and ((f) >0 for any ¢t € (0,7,



We shall look for separable solutions of the form

- o —+oo AT 1/(m—1)
U(I, t) — (Te _ i_) J.X(??l l)g(r) ‘ / 'Eﬁ.?n(-'f-'_- f—)(f;’}.‘ _ 9(;-[2_‘6 f)lf'(m_l} f{:l']_' t = [U ITe)-
0 = e b

Theorem. For any c > 0, the problem:

4 -’,l_j__.‘H +ow — Tnl_l'u}l“fm — Cﬁd[:l'} DIEO, —|—0C)1
(P?.t-‘) 4 '?-"I-"‘(‘T) — 0 v (;Dj
o —
L w(0) =0, o
admits a unique nonnegative solution w such that . w(z)dz = C.

If we take 0™ (x) = w(zr) and c = ﬁ then the pair ug, (r.t) = (T, — t)~Ym=Dg ()

and ((t) = (o satisfies (Fy) for up(x) := T,~Y(m=1)y,1/ ().

Di_,«xz,_J. _I., FowLERr, A. C., Muroz, A. L., and Scuiavi, E.,
Monografias de la Real Academia de Ciencias de Zaragoza 31, 57-66, (2009).

We improved Section 1.1, Chapter IV of

SAMARSKI, A. A., GaLaktionov, V. A., Kurbyumov, S. P., and MikHaiLov, A. P., Blow-up in quasilinear
parabolic equations (Walter de Gruyter, Berlin, 1995).



Therefore, we shall need some additional condition i order to give a global formulation
to the whole domain R x (0, 7). Notice that if we define (for a.e. ¢ € (0,T) fixed) the
spatial distribution

it ) =t ) — (u™)pelt, )

then we must expect to know that, m fact, such a distribution 1s a bounded measure

M(0,+00) (with compact support) since

o M
plts-) =t ) = = Oaqu(t =0y

Now, as in the stationary case we have that the mass constraint

f'+x u"(x, t)dr = M/2

IS equivalent to the “zero total measure condition” (ZTMC)

—+o0
/ du(t,-) =0, foraete(0.7).
0



U = (“H,m)xl. + u™ — %56{11.(1‘.;):0}_- DI(R—F X (U T))
u(x,0) = up(x) a.e. x € (0,400),
(P) <
uy(0.1) =0, u(z,t) — 0 as r — +oc a.c. te (0,7),
k p(t, ) = wue(t, ) — (u™),(t, ) satisties a.e.t € (0,7).

Theorem. Assume that uy(x) satisfies
up(x) >0  for any x € [0,{(0)).
then, there exists a function C'(1) > 0,
C e L™0,7 and a fmzc tion u € C([0, 7] : L"(R™)) such that

. u, = ( m) + C*( )m lum — 4 ‘ {“ =0} I)f(E % [01 f)),
§ u(x,0) = up(x) a.e.x € (0, 400),
L ux(0,2) =0, u(x, 1) — 0 asx — +o0 ae.te(0,7T),
and
+00

M

C*(f)nr—I/ M(J[?, f)mdx: 5

0



Remark. We do not know if C'(f) = I, but by a rescaling 7 = k(t), y = Y(¢,x) and
V = V(u,y,t) it is possible to reformulate the above equation in the terms
M
m T .
w1 5 0o (v(i.)=0}"

s

. m
Vo= (V")

Idea of the proof.

we use a two-step iterative approximation. The main idea is to construct {iu,,, :n = 0, 1,

2. ..} as solutions of the problem with a semi-implicit linear source term

(2n+1), = ((t2n+1)" ) o+ (“En)m_l (21+1) = 5 00{ (uznur)(1,)=0}: D'(RT x (0, 7)),
(Pans1) =< (tgpe1)(x,0) =1 ig( X) a.e.xe (0,4+00),
(t2n+1),(0,1) =0, (2441 )(x,1) — Oasx — 400 a.e. 1< (0,7),

(where for n = 0 we use as u,,, the initial condition uy) and then to construct the sequence
{us,:n = 1.2...} by requiring that

uan(x,t) = Copn(t)ttan—1(x,1) for ae. (x,f) e R™ x (0,7),
(Pan) = f (s (. V" (o (x, 1)) dx = & for a.e. r € (0,7),
0

for some C,,,(1) > 0.



The detailed proot of the convergence of the algorithm is quite technical and will not be presented
here.

For instance, many of the a priori estimates on ug,.; are obtained previously for the solutions
Ugny1. Of the equation obtained by replacing the singular equation of (Py,.;) by the more regular
equation

Cu'2n+1,5)t — ((u'2n+l._f)m)x:s T (u'2n)m_l[u'2n+l,s) - 3:‘(“271—!—1,5):

where J,(r) is a regular nonnegative and hounded function, approximating % times the Dirac delta.

Moreover, 1t 1s not difficult to show that
Ugpeq(x,t) > Uz, t) for any n and a.e. (z,t) € IR x (0.T),
where U(z. t) is the (bounded) solution of

(U™)ew — %-00U(t.)=0}- D'(IR™ x (0,7)),
Uz, 0) = ug(z) a.e. r € (0, +00).
Uy(0,t) =0,U(z,t) —» 0 as x — +0o0 ae. t€(07),

obtained by approximating the equation

Uet = ((Ue) ™)z — B:(Ue),



Notice that we can write that {i‘.ﬂzn_l} is a set of mild solutions satistying

(u-2n+1)t - ((Hﬂn—l}mjxm — f?n—l—l(\t; :I.‘) D!(IR_ X (U T))
(ugni1)(x,0) = ug(x) a.e. r € (0, 400),
(u2n11)2(0,¢) =0, (ugpa1)(z.t) — 0 as v — 400 ae. te(0.7),

with fs,,juniformely integrable in M (0, +00) in the sense that

-

||f?ﬂ+1||L1((U,T):,.-wm,+m}j < K for any n. for some i > 0

Then by the main result of

J. 1. Diaz, I. Vrabie.Proprietés de compacité de l'opérateur de Green généralisé pour I'équation
des milieux poreux.Comptes Rendus Acad. Sciences. Paris, t.309, Série 1, (1989) 221-223,

we get that {ug,11} is a relatively compact set of C(|0. 7] : L*(IR*)) Then there exist a subse-
quence strongly convergent {us, .1} — v in C([0,T] : L*(IRT)). This, and the special contruction of
{ugp(2,t)} allows to have the a priori estimate

I;m
0<C, (1)< for a.e. t€ (0. 7).
fﬂ ))"dx

Then {C,, (t)} is uniformely hounded in L>(0, T) and so, there exists C*(t) such that C, () — C*())
weakly-* in L*°(0, 7). But, as {ug,11} — u strongly in C([U T]: L'(IR™)) we get that



limug, (. ) = hm (Cy,(t)usy_i1(z, 1)) = lim Cy,(t) im ug,_1(z. 1)) = C*(t)u(xz, t).

Moreover, we can read the algorithm as

{ "\ i Y TTL Y £ Fihvmi—1 ¢ vim—1 ¢ 3 - ) .
\Uans1)t = ((Uane1) oz T Cﬂn'{‘f,] \Uzp—1) \U2nt1) — 753{(%%—1] (t,-)=0}-

and so we get (by the Lebesgue s dominated convergence theorem) that (ug,_1)™ " (ugne1) — u™ in

LY(IR*+ x (0.T)).
5. Numerical Results

We first consider a time marching scheme in the coordinate t, of step dt. At each
level in the time discretization, we shall employ a semi-implicit scheme in order
to deal with the nonlinearities. An iterative (splitting) numerical scheme is
implemented in order to impose the mass conservation constraint. In order to

discretize with respect to the coordinate x, at each time level | dt, we will employ
piecewise linear finite elements

L!rd{(:: {(;JJ' = C‘{}{l[} + .’JC.)\J:(:,'JJ'”:}- = P|. V E € T!r‘;(}

in a uniform grid of step k T



Also, B, ;= {¢;} is a base of finite linear elements in L;;.

Then, the discretized problem is formulated as follows:
Find (1) € Ligs (e = Y Gk such that

3d 1
[ ey = [ dpar = [ @he,) dieds

rl-‘fj‘. rl“f‘k r]_-lf‘k

3 M
+ dt / (Up+1);. ¢ dx — dr/ E(S(Mg)(fjfdx, YV € Bik.
Tk

Tiy

-

forp=2n+ 1fromIltoN,n=20,1.2..., and N an odd number to be fixed., we

consider the problem,

3dt L
/ (14741 ,2n+1);;f/);dx:/ (Mf)kffs’;dff—? (111 20 )i (M1 2001 ) ) Py dX

.-];}JC -1111): -11111;:

1 M
‘|—df/ (Hg+1?gf,)iiug+1?gn+1)k(ﬁf(ﬁ'—df/Efj(ug)fbffif,\?{fbf’:—_lzlrk,

Ty Ty



j(uH,‘zn)ﬁﬁ = M/2, according to (P,). 1.e., (44100 = Crp1.2:(t1 1 2n-1)x- The result-
ing system of equations for the nodal values at the (2n + I)th-step 1s solved with the
Gauss Seidel method. In order to iitiate the iterative scheme. one can take as
(4741 p=1)x the values obtained in the previous time step, that 1s to say, (41 p=1)x = U,
The scheme finishes assuming the values for the (/ + 1)-time level given by

Uppr = (U1 p=n)k-

up(x) = 1 — 2%,










Table 1

Time (t) Results for Cy

1.0000007 177083

IUUUUUU(I&I4&92
1.00000056130953
1.00000051022114
1.00000050094979
1.00000046809999

Time (1) Location of the boundary (x)

0 [.31999997049570
0 [.3699999693781 1
0 [.37499996926036
4.0 |.38849999690422
0 [.38999996893108
0 [.3949999688 1932




6. Summary and conclusions.

A coupled model describing the evolution of the topographic elevation and the depth
of the overland water film 1s studied here when considering the overland flow of water
over an erodible sediment. The instability of the spatially uniform solution corresponds to
the formation of rills, which in reality then grow and coalesce to form large-scale river
channels.

We started by considering the deduction and mathematical analysis of a
deterministic model describing river channel formation and the evolution of its depth.
We complete the previous modeling of the problems by SmitH and BRETHERTON (1972)
and FowLer ef al. (2007), obtaining a model which involves a degenerate nonlinear
parabolic equation (satisfied on the interior of the support of the solution) with a super-
linear source term and a prescribed constant mass. We propose here a global
formulation of the problem (formulated in the whole space, beyond the support of the
solution) which allows us to show the existence of a solution and leads to a suitable
numerical scheme for its approximation. As we show, the solution does not blow up
despite of the presence of the superlinear forcing term at the equation thanks to the
mass constraint.



A particular feature of the model for channel evolution which we have studied 1s that
the degeneracy of the equation causes the channel width to be self-selecting. This is of
some interest in the geomorphological literature, since the issue of channel width
determination is one that has caused some difficulties (e.g., PARKER, 1978).

Parker, G. (1978), Self-formed straight rivers with equilibrium banks and mobile bed, Part 1. The sand-silt
river, 1. Fluid Mech. 89, 109-125,

Some open problems:

eUniqueness and continuous dependence in the parabolic case

*Dynamics of the free boundary

The mathematical analysis clarifying the modelling of the problem

| Think globally and act locally |

Thanks for your attention
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