
Energie & Umwelt / Energy & Environment
Band / Volume 565
ISBN 978-3-95806-607-6

Energie & Umwelt / Energy & Environment
Band / Volume 565
ISBN 978-3-95806-607-6

Sequential and coupled inversion of time-lapse borehole  
GPR measurements for vadose zone model parameterization
Yi Yu

565

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

G
PR

 fo
r v

ad
os

e 
zo

ne
 m

od
el

 p
ar

am
et

er
iz

at
io

n
Yi

 Y
u



Forschungszentrum Jülich GmbH
Institut für Bio- und Geowissenschaften
Agrosphäre (IBG-3)

Sequential and coupled inversion of  
time-lapse borehole GPR measurements  
for vadose zone model parameterization

Yi Yu

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 565

ISSN 1866-1793    ISBN 978-3-95806-607-6



IX 

 

CONTENT 

Abstract .......................................................................................................................................... I 

Zusammenfassung ........................................................................................................................ V 

List of figures .............................................................................................................................. XI 

List of tables ............................................................................................................................. XVI 

List of acronyms ...................................................................................................................... XVII 

List of symbols .......................................................................................................................XVIII 

Chapter 1 General introduction ..................................................................................................... 1 

1.1 Research background ................................................................................................. 1 

1.2 SWC determination with point sensors ...................................................................... 3 

1.3 SWC determination with geophysical methods ......................................................... 4 

1.4 SWC determination with GPR ................................................................................... 5 

1.4.1 SWC determination with surface GPR............................................................ 5 

1.4.2 SWC determination with off-ground GPR ...................................................... 8 

1.4.3 SWC determination with borehole GPR ......................................................... 8 

1.5 Hydrological model parameterization ...................................................................... 10 

1.5.1 Unsaturated water flow in porous media ....................................................... 10 

1.5.2 Inversion strategies for combining hydrological models and geophysical data

 ..................................................................................................................................... 11 

1.6 Objectives and outline .............................................................................................. 13 

Chapter 2 Measuring vertical soil water content profiles by combining horizontal borehole and 

dispersive surface ground penetrating radar data ...................................................................... 15 

Abstract .......................................................................................................................... 15 

2.1 Introduction .............................................................................................................. 16 

2.2 Method and material ................................................................................................. 18 

2.2.1 Infiltration experiment .................................................................................. 18 

2.2.2 Horizontal borehole GPR data acquisition and processing ........................... 21 

2.2.3 Surface GPR data acquisition and processing ............................................... 23 

2.2.4 Determination of soil water content and storage ........................................... 25 

2.3 Results and discussion .............................................................................................. 26 

2.3.1 Horizontal borehole GPR data ...................................................................... 26 

2.3.2 Semblance analysis of surface GPR data ...................................................... 28 

2.3.3 Dispersion analysis of surface GPR data ...................................................... 29 

2.3.4 Combined horizontal borehole and surface GPR data .................................. 32 

2.4 Summary and conclusions ........................................................................................ 37 



X 

 

Chapter 3 Sequential and coupled inversion of horizontal borehole ground penetrating radar data 

to estimate soil hydraulic properties at the field scale ............................................................... 39 

Abstract .......................................................................................................................... 39 

3.1 Introduction .............................................................................................................. 40 

3.2 Method and material ................................................................................................. 43 

3.2.1 Test site and GPR data acquisition ................................................................ 43 

3.2.2 Hydrological modelling ................................................................................ 45 

3.2.3 GPR modelling .............................................................................................. 45 

3.2.4 Set-up for sequential and coupled inversion ................................................. 46 

3.2.5 Set-up for synthetic infiltration experiments ................................................. 47 

3.2.6 Uncertainty analysis ...................................................................................... 50 

3.3 Results and discussion .............................................................................................. 52 

3.3.1 Synthetic infiltration experiments ................................................................. 52 

3.3.2 Inversion of experimental GPR data ............................................................. 61 

3.4 Summary and conclusions ........................................................................................ 66 

Chapter 4 Coupled full waveform inversion of horizontal borehole ground penetrating radar data 

to estimate soil hydraulic parameters: a synthetic study ........................................................... 69 

4.1 Introduction .............................................................................................................. 69 

4.2 Method and material ................................................................................................ 71 

4.2.1 Set-up of the coupled full waveform inversion ............................................. 71 

4.2.2 Set-up for synthetic infiltration experiment .................................................. 72 

4.3 Results ...................................................................................................................... 78 

4.3.1 Response surfaces ......................................................................................... 78 

4.3.2 Coupled full waveform inversion .................................................................. 83 

4.4 Discussion ................................................................................................................ 87 

4.5 Conclusions .............................................................................................................. 88 

Chapter 5 Synthesis and outlook ................................................................................................. 91 

5.1 Synthesis .................................................................................................................. 91 

5.2 Outlook..................................................................................................................... 95 

Acknowledgements ..................................................................................................................... 99 

Bibliography .............................................................................................................................. 101 

Publication list ........................................................................................................................... 121 

 



Energie & Umwelt / Energy & Environment
Band / Volume 565
ISBN 978-3-95806-607-6

Energie & Umwelt / Energy & Environment
Band / Volume 565
ISBN 978-3-95806-607-6

Sequential and coupled inversion of time-lapse borehole  
GPR measurements for vadose zone model parameterization
Yi Yu

565

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

G
PR

 fo
r v

ad
os

e 
zo

ne
 m

od
el

 p
ar

am
et

er
iz

at
io

n
Yi

 Y
u


	Leere Seite
	Leere Seite



