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A labyrinth of green biomass

observed in the northern Negev | ==
(200 mm annual rainfall). Distance |

between green patches is ~ 15 cm.

Vegetation bands
on hillslopes near
Niamey, Niger







Outline

 Stochastic dynamics of plant water stress

* Landscape evolution

(preliminary)




Stochastic soil moisture dynamics
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Loblolly pine (Pinus taeda) and surrounding
hardwood forest at the CO2-enriched
atmosphere (FACE) experiment) at Duke
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The Soil Water Balance
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n = porosity

Z, = active soil depth

s(f) = relative soil moisture
R(?) = rainfall rate

1(¢) = canopy interception
O[s(2),f] = runoff

E[s(?),f] = evapotranspiration
L[s(?),t] = leakage

*Daily time scale
*Vertically averaged over the root zone
*Negligible topographic effects




Guard cell

onset of stress
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1-D Non-linear (stochastic) differential equation

driven by a state-dependent Poisson noise

ds

dt

=—p () +F(,s)

Losses

Evapotranspiration

Leakage
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Cha pman-KoImogorov €(. (Bartlett & Porporato PRE 2018)
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Vegetation ‘disturbances’ and landscape morphology
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Minimalist Landscape-Evolution Model
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Theoretical definition of drainage area

Contour lines
Slope lines (direction given by —Vz)
Drainage area A [L?]

Specific drainage area a [L]

A
a= lim—
w->0WwW

Local slope |Vz|

Bonetti et al

, PRSA (2018)



Mathematical model
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Bonetti et al., PRSA (2018) ; Bonetti et al. 2019 (submitted)



Evenly-spaced valleys
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Linear Stability Analysis
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Logarithmic elevation profile

Hooshyar et al. (poster Wed evening)

Portion of the domain used
for extracting mean-

elevation profile Xy
A - 1 - — —— Mean-elevation profile =

Ensemble of profiles

Boundry (z = 0)






Alexandre Hogue,
1898-1994
Crucified Land, 1939
(Denton, TX) last of
erosion series




