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Soil: Earth’s multi-scale skin

QuickBird Toledo, Spain, 2 February 2002, Pan-sharpened
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Physically-based model

e conservation of mass
eincompressible media
e Buckingham’s conjecture

soll hydraulic
properties
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Physically-based model

given
e spatially resolved material properties e.q.,

o approprlate boundary condltlons 100 km2 with 1 m resolution

and 100 levels of dw
can soan )
for v€ry large systems |

1010 grid nodes on JUGENE
(O. Ippisch, IWR Heidelberg)
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Physically-based model

given
e spatially resolved material properties
* appropriate boundary conditions

can solve Richards equation|
for very large systems

1010 grid nodes on JUGENE
(O. Ippisch, IWR Heidelberg)

real systems:

theory & scenarios v/ e how to get the parameters? |
e how to verify the results? |
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...but there are options

remote sensing assessment space
e passive radiometry |
e active radar e quantity (measured vs wanted, applicability)
* gravimetry,... ® aCCuracy (proxy relation)

e extent, coverage, resolution
geophysical methods In space and in time
* GPR, ERT, EMI einstallation & operation resources
e NMR, SIP,...

e N-, Ra-emission,...

sensor networks buk
y

e individual, profile ! :
e 2d spread, quasi 3d nowhere near 101%° F’OLV\&S.
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..but there are options

remote sensing afoau.s on PR
e passive radiometry

e spemﬂf;&o\uj on PR reflections
e gravimetry,... A (megt@.«t&s»\g a;r*gruumdwave)
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eextent, coverage, resolution in space

e extent, coverage, resolution in time

W, SIP,.. einstallation & operation ressources
* N-, Ra em|SS|on,...

sensor networks
e individual, profile iR
e 2d spread, quasi 3d Nowhere hear 1 Fs{;‘}i%*\&fﬁ
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Outline

e fundamentals

e single-channel GPR

e multi-channel GPR

e constructive inversion
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GPR fundamentals
speed of light
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dielectric numbers of soil constituents  [Roth et al., 1990]

liquid water | 80.4 (at 20°C and 1 GHz)
pure ice 3.2
quartz 4.3
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GPR fundamentals

some minor complications

40T Unconsolidated sand (€=0.42) i

’ Bentonite (©=0.05) 4
> SOF — — —- Bentonite (O= 030)
£ h GPR :
E= [\ - Y
E 2o IN SOIIS room for nmpravemev&’ A
Al RN ,
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Single-channel GPR

1.01m

[modified from Wollschlager et al., 2010]

2.015m

single channel
common-offset

measurement
/
t = =
v
= vgC((g)\/élle%—az
Co
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Single-channel GPR

identification of 8”
subsur{&ce architecture | ; _ ¢
T R (Y
T, * - (0)
ice table soil layers | pure ice wet & salinef 7\ 4d2? + a2
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Single-channel GPR

single channel
common-offset \
measurement ) \
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Multi-channel GPR

single channel
common-offset

measurement
/
t = =
(V)
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Application: Huang-Huai-Hail Plain, China
exploratory study by Pan Xicai, 2011]
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HHH Plain: subsurface architecture

Pl

main reflector:
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HHH Plain: soil hydrology.

50|I Water content
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Constructive inversion: rough &OMCQF&E
[PhD project of Jens Buchner, 2012]

®construct parametric representation
of subsurface architecture
from traditional single-/mulki-channel scan

&sinulate GPR measurement Mumeritau.v

%c&eh&&fj prominent feabkures in
measured & simulated radargrams

®ad just architecture parameters for
optimal agreement
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ASSESS-GPR site
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Parametric architecture model

®construct paramelric representation
of subsurface architecture
from traditional single-/multi-channel scan
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ldentification of features and pairing
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Assessment of accuracy

0 . .
—— Ground-Truth
—— Estimated
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Assessment of accuracy

0.069 + 0.003 0.074 = 0.003 0.066 4+ 0.003
0
volumetric 05 0.086 £ 0.001
water content =
=T | i
N
—1.5-/ \/ i
—2 I T T T T T
O | | l | | | 16
05 0.064 £ 0.002 0.071 = 0.002 0.069 £+ 0.002 _L

O l I I I l 1 L 16
_05.0.382 +0.003 0.079 +0.002 |

E 1 / 0.175 + 0.003
N

0.126 == 0.002
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Assessment of accuracy
0.069 = 0.003 0.074 = 0.003 0.066 == 0.003

volumetric
water content

0.126 = 0.002

Heidelberg University &%,
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© need ko simulabe wikh very high resolution
i order ko represemﬁ all relevank pke&mmema

® prababtv (kc}pefui.tj) need not
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