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equation

® Markov model can be generalized into a fractional ADE
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with ¢ particle concentration, K diffusivity, -y fractional exponent
(0 < v < 2,y = 2 gives the classic ADE).
Few experimental evidence to date, but Nikora et al. found

e vard(t) oc t7 with v > 2 for short timescales (i.e., seconds)

e v < 2 for long timescales (i.e., minutes)

Nikora et al., Water Resour. Res. 38, WR000513, 2002
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Ancey et al., J. Fluid. Mech. 595, 83-114, 2008;
Ancey, J. Geophys. Res., 115 FO0A11, 2010.
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e Einstein and

Hamamori’s

e ['(r+n)

distributions .

@ Advection diffusion P(n) — NegBln(n; I p) E— pr(]. — p)n, n — O, ]., 500 g

equation F(T)n'

e Markov model

e Steady-state solution

withr = (A 4+ v,) /pand p =1 — /(0 + Vot ), and where I’
denotes the gamma function.
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Conclusions 1 _ p

D — (>\‘|_Vin)/(0-+yout _:LL)
varN = frl —2p = (A + vin) (o + Vogt).
P (0' + Vout — :u)
Note: (i) a tail falling off like n" (1 — p)™. (i) When p — 0,
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® Exner equation at (9:13

® Large-number
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 Bxoansion ¢p bed porosity, D (E, resp.) volume rate of deposition
e Comparison with data (entrainment, resp.) per unit time and per unit bed surface onto the
® comparson®i®E hed, and ¢, solid discharge per unit width.
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E= ”—LP(A + uN) = vy(A+ uN) and D = %%N = v,0N.
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Ay 16+ n(a+p); P(n;t),

e Comparison with data

e Comparison with data In the N — OO ||m|t, P(’)’L -+ 17 t) ~ P(N) -+ 1- P/(N), the master

Bedform dynamics equation is approximated by a Fokker-Planck equation
Conclusions
0 0 1 9?
—P(n;t) = ——(AP) + =———=(BP),
ot (3 ) 8n( ) 2 877,2( )

with A = 8 4+ n(pu — «) (the drift function) and B = (o + p)n + 5
(the diffusion function). This PDE is equivalent to the SDE

dN = A(N)dt + BY2(N)dW(t),

where WW(t) is the Wiener process.
| |
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The long-term behavior can be approximated by an
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e Implications for the o— U o— U dt
Exner equation
@ Stochastic
simulations Substituting b(z,t) = bo(x,t) + €bi(x,t) 4 - - - into the Exner
Conclusions equation gives a hierarchy of equations

Obg . ~

5 = (0= W) — A,

0bq

9t (0 = ),
The first moments of by are (b;) = 0 and (b?) = B(Nu)t.

B( Ny 1
S(w) = (Noo) ox w2 for w — 00
21 w? + (0 — p)?
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| Issue: coupling with the stream |
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e Conclusion

e explain and describe why wide fluctuations arise

but
e no fluid-bed interaction at the moment
e simplified physical picture (1D stream!)

e very slow numerical schemes
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