
Energie & Umwelt / Energy & Environment
Band / Volume 505
ISBN 978-3-95806-492-8

Energie & Umwelt / Energy & Environment
Band / Volume 505
ISBN 978-3-95806-492-8

Towards a new real-time irrigation scheduling method:  
observation, modelling and their integration by data assimilation
Dazhi Li



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

Towards a new real-time irrigation  
scheduling method: observation, modelling 
and their integration by data assimilation

Dazhi Li

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment	 Band / Volume 505

ISSN 1866-1793  		  ISBN 978-3-95806-492-8



i 
 

Contents 

Contents ...................................................................................................................................... i 

List of Figures .......................................................................................................................... iii 

List of Tables ............................................................................................................................ vi 

List of Acronyms ..................................................................................................................... vii 

Abstract ...................................................................................................................................... 1 

Zusammenfassung...................................................................................................................... 3 

Chapter 1 : Introduction ............................................................................................................. 5 

Chapter 2 : Theory ................................................................................................................... 10 

2.1 Community Land Model ............................................................................................................. 10 

2.2 Data assimilation ......................................................................................................................... 12 

2.3 Cosmic-ray Neutron Sensing ...................................................................................................... 14 

Chapter 3 : Evaluation of an operational real-time irrigation scheduling scheme for drip 

irrigated citrus fields in Picassent, Spain ................................................................................. 16 

3.1 Introduction ................................................................................................................................. 16 

3.1.1 Water scarcity and irrigation scheduling.............................................................................. 16 

3.1.2 Drip Irrigation scheduling for citrus .................................................................................... 17 

3.2 Materials and methods ................................................................................................................ 19 

3.2.1 Research site and experimental set-up ................................................................................. 19 

3.2.2 FAO Soil water balance based irrigation scheduling ........................................................... 22 

3.2.3 Real-time drip irrigation scheduling with CLM and data assimilation ................................ 22 

3.2.4 Stem water potential, deep soil water content measurements and production data ............. 25 

3.2.5 Statistical analysis of the performance of the irrigation scheduling methods ...................... 26 

3.3 Results and discussion ................................................................................................................ 27 

3.3.1 Selection of the fields for evaluation in 2015 and 2016 ....................................................... 27 

3.3.2 The forecasted precipitation ................................................................................................. 29 

3.3.3 Stem water potential and deep layer soil water content data for the evaluation of water 

stress .............................................................................................................................................. 30 

3.3.4 Statistical analysis ................................................................................................................ 30 

3.4 Conclusions and outlook ............................................................................................................. 38 

Chapter 4 : Can drip irrigation be scheduled with Cosmic-ray Neutron Sensing? .................. 40 

4.1 Introduction ................................................................................................................................. 40 

4.2 Materials and methods ................................................................................................................ 42 

4.2.1 Research sites and measurements ........................................................................................ 42 



ii 
 

4.2.2 Field sampling for CRNS calibration in Picassent ............................................................... 44 

4.2.3 Footprint soil water content from soil sampling and FDR sensor network.......................... 44 

4.2.4 Soil water content estimation from CRNS probe ................................................................. 46 

4.2.5 Modelling of the neutron response to drip irrigation ........................................................... 47 

4.2.6 Statistical analysis ................................................................................................................ 48 

4.3 Results and discussion ................................................................................................................ 50 

4.3.1 Soil water content measurements from field sampling and FDR sensors ............................ 50 

4.3.2 Soil water content inversion from CRNS for drip irrigated field ......................................... 53 

4.3.3 Neutron modelling with URANOS model ........................................................................... 57 

4.4 Conclusions ................................................................................................................................. 60 

Chapter 5 : Assessment of the uncertainties related to irrigation modelling by a land surface 

model across India ................................................................................................................... 62 

5.1 Introduction ................................................................................................................................. 62 

5.2 Data and methods ........................................................................................................................ 64 

5.2.1 Study area ............................................................................................................................. 64 

5.2.2 Methods ................................................................................................................................ 64 

5.2.3 Datasets ................................................................................................................................ 66 

5.2.4 Experiment design and analysis ........................................................................................... 70 

5.3 Results and discussion ................................................................................................................ 71 

5.3.1 Irrigation modelling for different scenarios ......................................................................... 71 

5.3.2 Land surface flux modelling and validation ......................................................................... 75 

5.4 Conclusions ................................................................................................................................. 77 

Chapter 6 : Summary and outlook ........................................................................................... 80 

Bibliography ............................................................................................................................ 84 

Acknowledgements .................................................................................................................. 94 

 



Energie & Umwelt / Energy & Environment
Band / Volume 505
ISBN 978-3-95806-492-8

Energie & Umwelt / Energy & Environment
Band / Volume 505
ISBN 978-3-95806-492-8

Towards a new real-time irrigation scheduling method:  
observation, modelling and their integration by data assimilation
Dazhi Li


	Leere Seite
	Leere Seite



