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From stochastic rainfall to soill moisture
dynamics and plant water stress
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Soil Moisture PDF: climate soil and vegetation

Rodriguez-lturbe et al., Proc.
_ Royal Soc. A, 455, 3789, 1999
p(s) p(S) Exp AR /1... ,O(U) Laio et al. AWR 2001,

Porporato et al. Am. Nat., 2004

Experimental verification
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Soll moisture
control on C-N cycling

Biological fixation
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NSF-FESD — frontiers in earth system dynamics

Geo-genomics — geology, eco-hydrology and
evolution of biodiversity in the Amazon
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Plants, Leaching & Soil formation

Devoninan (400-360 Ma) and Carboniferous (360-300 Ma)
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Quasi-steady state assumptions in the
soil solution

n % = V + D(cq ¢g) + Ra[b(R)] — PS[b(h)]

dh L
psE = P; — csysRO — MWmina ) A[CT(b(h))]

we know that L decreases with h ...

— increased infiltration?

1 - 1

— Increased convecti




Ecohydrology and photosynthetic
pathways | |
Water stress function on Farquhar’s

model of photosynthesis only in 2004
Daly et al. JHM (2004)
Tuzet et al. PCE (2004)
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C3 photosynthesis — Calvin cycle:
a chemical engine to produce sugar

Carboxylase/Oxygenase
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C4 photosynthesis: Krantz anatomy

Carbon dioxide
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bundle
vascular bundle sheath cell

mesophyll cell
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A curious analogy...

Central Metabolic Pathways
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Largescale land-atmosphere feedback?
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ABL development and convective

precipitation
N
free capping
atmosphere \ inversion
mixed
ABL layer

o

log. layer

u

as the ABL grows,
the conditions
for convective
precipitation:

1) LCL crossing
2) CAPE>400
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Slab or mixed-layer models of the ABL

e |dealized ABL

— Hydrostatic atmosphere

— Homogeneous horizontal
conditions

— Well-mixed vertically
(instantaneous)

16 q — Zero-order “jump” at
capping inversion

— No latent heat release

e Simplified profiles/geometry
— Constant in mixed layer

— Linear in free atmosphere



It is a good approximation ©:
e.g., Large Eddy Simulation of ABL

after Stevens —J. Atm. Sci. (2007)
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— Surface energy balance:
H :pcpga(go_ga)

PuE =p&(qi -d,)
g, +0,

Q. =H+p,4,E

— Conservation equations in the mixed layer:

dé dh
h—=H + G —9)—
pCp dt pcp( f )dt
dq dh
h—=p,E —q)—
PR = Po +p(0; —Q) m
e.g., Garrett 1994
dh  (1+28)H

Porporato BLM 2009

dt /Ocpyﬂh
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regime
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(C)

Wet soil
advantage
regime

t, (hr)

t (hn)

¥

12 2000
.
11 11500
/
/
10 / 11000
_ —
9 500
0.2 0.3 0.4 0.5

Soil Moisture

2600
12400
12200
12000
11800
11600
11400
11200
11000

0.3

0.4

Soil Moisture

800
0.5

800

600

200

2
0.2

0.3

0.4
Soil Moisture

0.5

¥

CAPE_ (J/kg)

¥

CAPE (Jkg)

(Jkg)

19M

;PE
X

-1

Y (10% kg kg™ m™)
s
N

(E) No crossing
(D & F) LCL crosses at certain soil
conditions but CAPE<400J/Kg

0.5

045

104

10.35

0.3

unstable

S.ax SOil moisture that likely triggers strongest
convection for the given atmospheric conditions

Yin et al. (in preparation)



C3vs(C4

(o0}
{©
2 g
R n i< g
@ " £
’ o
' (9\]
'
1
|
. |\ ) o
N 0 — T o
— o
(W) apniyy
o0

s=0.3

(wy) spnuyy

time (hr)

s=0.8

800

s=0.3

600 |

time (hr)

time (hr)



«—13.7Ga Big bang

4 5Ga Origin of Earth
4 1Ga Ongin of life
JGa Blue-green cyanobacteria photosynthesis
Z2Ga BEukaryotes
1Ga Algae
410Ma First
enaa T — terrestrial plants
3[][]”[: H 360Ma Giant fern forests
PP during carboniferous
260Ma First seed plant
(coniferous, gymnosperm)
ﬁiﬁ 1 200Ma First flowering plant (angiosperm)
60Ma Expasei@il Ol dingiasperms
30Ma First C4 photOsynthesis
TMz\C4 expansion
1000 — O - — —
ppm ks
.-""‘\L 2Ma Humans
CO
300 — / 2
Ppm '.‘....lll ’
= a® ] ] ]
T 1 1 1

time -1Ga -100Ma -10Ma -1Ma



Thick-leaved orchid:

Phalaenopsis amabilis
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Storage of malic acid in cell vacuoles +
control system (circadian rhythm)

Bartlett, Vico and Porporato, Plant and Soil (2014)
Hartzell et al. JTB in revision
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Pursuing the analogy a bit further...

e Similar evolutionary sequence

Porporato et al. in preparation 2014

e C4:low CO2 <> turbocharger: low oxygen (more power/works

well at high elevations)

e CAM < hybrid: storage limits and costs: variability is essential
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Model for CAM photosynthesis
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Comparison of C3, C4 and CAM plants
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Back to our analogy

800 | _ City driving

= Hybrid
Turbocharged
Conventional Otto
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Conclusions

Work in progress...

Fascinating interactions between plant and their
environment which are impacted by and in turn
control the water cycle

Important for long term dynamics of soils,
biogeochemical cycles and landscape formation

Optimizing our management of soil and water
resources (quantitative answers to the problem
of sustainability)



Opunthia ficus indica,
growing on an obelisk
in Ethiopia

Photo:
courtesy of Paolo Inglese,
Univ. of Palermo, ltaly










sorghum
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e Improve comburent concentration —
turbocharger



