3D hydrological simulation of a forested
headwater catchment: Spatio-temporal validation
and scale dependent parameterization

Zhufeng Fang

Member of the Helmholtz Association

Energie & Umwelt/
Energy & Environment ’ o0
Band/ Volume 337 ’ JULICH

ISBN 978-3-95806-174-3 FORSCHUNGSZENTRUM



Forschungszentrum Jilich GmbH
Institute of Bio- and Geosciences
Agrosphere (IBG-3)

3D hydrological simulation of a forested
headwater catchment: Spatio-temporal validation
and scale dependent parameterization

Zhufeng Fang

Schriften des Forschungszentrums Jilich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 337

ISSN 1866-1793 ISBN 978-3-95806-174-3



Contents

N 0] 1 - To! PSPPSRI PRRSN |
KUIZZUSAMMENTASSUNG ...ttt ettt v
(O0] 11 =10 | KT TSSO P RO RRU TPV UPPPURPRTPRON Vi
List of Abbreviations and SYMDOIS.........ccccviiiiiiiiiii e XI
LISt OF TaDIES ... bbbt bbb X1V
LISt OF FIQUIES ..ttt st e e b beene et besreanen XV
1 General INErOGUCTION .......coviuiiietiiiee et bbbttt 1
1.1 Background and MOtIVALION............cccvciiiiieiciscse e 1
1.2 RESEAICH ODJECLIVES ....cvviviieeiciiite sttt sttt ettt ne e saeseeneas 7
IR T\, oo [o] [T | OSSPSR 8
1.4 EXPeriments and Qata..........covcoviereiiiieieee s sece sttt see s 10
1.5 DiSSEration OVEIVIEW .......cveuiiviieiiiieiiietee sttt 11

2 Spatio-temporal validation of long-term 3D hydrological simulations of a forested

catchment using empirical orthogonal functions and wavelet coherence analysis.................. 13
2.1 ADSITACE ...t ettt ettt et n et st e e renaenee e enens 14
2.2 INEFOTUCTION ...ttt sttt be e et seebeseeneenesbeseeneenen 15
2.3 Materials and MEhOAS .........cooiieiriiieee e 18

2.3.1 The experimental teSt SITE .......ccviiiiireieeieiee e 18
2.3.2 The ParFlow-CLM Simulation PIatform ... 20
2.3.3 MOUEI SEIUP ... et enas 21
2.3.4 Inverse Estimation of Hydraulic Parameters...........cooocvveinncnneinneiensecsees 25
2.3.5 MOGEl SCENAIIOS ...ttt enas 26
2.3.6 Validation Data.........ccceoviiriirieiieieieise e ettt st enas 28
2.3.7 Empirical Orthogonal Function (EOF) ANalysisS.........cccccevevirmerniinneinnccneiees 29

Vil



2.3.8 Wavelet COhErence ANAIYSIS.......covueiriiieinieiseesee s 31

2.4 ReSUILS aNd DISCUSSIONS ......ccueiueieieiienieieerisiesieseeseetesieseeseetesteeeseseeseeseesesseseessesesseseeseenens 32
2.4.1 Estimation of HydrauliC Parameters...........c.ccceoriernreenieinecsreeesee s 32
2.4.2 Representation of the Interflow Process (SC1) ......ccovvvvieinnirniinneiensccsees 33
2.4.3 Effect 0f HEterogenQity ......ccceveieiieece st 34
2.4.4 Water BalanCe ClOSING ......ccvevuerieiiiieieie sttt 38
2.4.5 EOF ANGIYSIS.. .ottt sbe e re st 39
2.4.6 Wavelet COherence ANAIYSIS.........ccoeviiiierieiie et 42

2.5 CONCIUSTONS ...ttt ettt b et ekt e b 48

3 Scale dependent parameterization of soil hydraulic conductivity in 3D simulation of

hydrological processes in a forested headwater catchment ............cccccovvveiciviesccece s, 51
BLL ADSEFACT ... 52
B2 INEFOTUCTION ... 53
3.3 The eXPerimental SELUD .......cevireirieiee e 54

3.3.1 The experimental test site WUSLEDACH ..........ccevriiiiiiiricce 55
3.3.2 Hydrology data COIECLIONS ..o 56
3.4 Model aNd MELNOUS .......cceviriiiiiireicee e 57
3.4.1 The ParFIow-CLM MOUEl ..o 57
3.4.2 MOGEI SEUP ..ot ens 57
3.4.3 Upscaling of saturated hydraulic conductivity using the entropy concept.............. 58
3.4.4 SCENATIO ANAIYSIS 1.vvvivieeeiiiiiesiee ettt sttt se e resee e enas 62
3.5 ReSUILS @Nd AISCUSSIONS .....c.vveviieiiiiieirietesiee bbb 64
3.5.1 Information contents and amplification factors............cccocevreeiiinncinnce, 64
3.5.2 Comparison of the Model SCENANIOS. .........ccurieiireiiireer s 68
3.5.2.1 Results of model Scenarios 1 and 2..........c.oecvviriireerinreinesee e 68

IX



3.5.2.2 Results of model Scenarios 3 and 4 .........occvvevceieiieieiiiieieee s 70

3.5.3 Comparison of different model reSolUtioNnS...........cccoeerieinncnce e 72

3.8 CONCIUSTONS ...ttt 76

4 Evaluation of 3D model parameterizations using water transit time distributions............... 78
A1 ADSEFACE ...t 79
4.2 INEFOAUCTION ... 80
4.3 EXPEIIMENTAl SELUD ...cuveveiieeieie ittt sttt re s 82
4.3.1 The experimental test site WUSteDACh .........ccoovviveiiiiiie e 82
4.3.2 Hydrology data COIECHIONS.........cciveeiiricier e 83

4.4 Model and METNOUS ........ovrieieciceiii e 84
4.4.1 The SLIM-FAST MOEI ..ot 84
4.4.2 Parflow-CLM and SLIM-FAST mMOodel SEtUP........covevrereierneieese e 86
4.4.3 Streamwater TTD estimate using TRANSEP .......cccccvivreieie i 87
4.4.4 SCENAITO ANAIYSIS ....vveviiieeie e 88

4.5 ReSUILS ANd diSCUSSIONS ........vviiiieiiicteistee ettt 89
4.5.1 Comparison of different number of initial particles............ccocoecrieiniinicinne 89
4.5.2 Effect of diSpersion Parameters ..o 90
4.5.3 Comparison of upsSCaling SCNEMES ..........ccceviiiiiirieieeiee s 92

4.6 CONCIUSIONS ...ttt 94
LSRS08 1= SRS 96
5.1 FINal CONCIUSIONS........vivrriiiiiiirsisee s 96
LT @ 11 [T <SSP 98
ACKNOWIBAGEIMENTS ...ttt bbb 101
RETEIEINCES ...ttt bbbttt 103
PUBTICALIONS ...t 119



Energie & Umwelt/
Energy & Environment ’ o0
Band/ Volume 337 ’ JULICH

ISBN 978-3-95806-174-3 FORSCHUNGSZENTRUM




	Abstract
	Kurzzusammenfassung
	Contents
	List of Abbreviations and Symbols
	List of Tables
	List of Figures
	1 General Introduction
	1.1 Background and Motivation
	1.2 Research Objectives
	1.3 Methodology
	1.4 Experiments and data
	1.5 Dissertation Overview

	2 Spatio-temporal validation of long-term 3D hydrological simulations of a forested catchment using empirical orthogonal functions and wavelet coherence analysis
	2.1 Abstract
	2.2 Introduction
	2.3 Materials and methods
	2.3.1 The experimental test site
	2.3.2 The ParFlow-CLM Simulation Platform
	2.3.3 Model Setup
	2.3.4 Inverse Estimation of Hydraulic Parameters
	2.3.5 Model Scenarios
	2.3.6 Validation Data
	2.3.7 Empirical Orthogonal Function (EOF) Analysis
	2.3.8 Wavelet Coherence Analysis

	2.4 Results and Discussions
	2.4.1 Estimation of Hydraulic Parameters
	2.4.2 Representation of the Interflow Process (SC1)
	2.4.3 Effect of Heterogeneity
	2.4.4 Water Balance Closing
	2.4.5 EOF Analysis
	2.4.6 Wavelet Coherence Analysis

	2.5 Conclusions

	3 Scale dependent parameterization of soil hydraulic conductivity in 3D simulation of hydrological processes in a forested headwater catchment
	3.1 Abstract
	3.2 Introduction
	3.3 The experimental setup
	3.3.1 The experimental test site Wüstebach
	3.3.2 Hydrology data collections

	3.4 Model and methods
	3.4.1 The ParFlow-CLM model
	3.4.2 Model Setup
	3.4.3 Upscaling of saturated hydraulic conductivity using the entropy concept
	3.4.4 Scenario analysis

	3.5 Results and discussions
	3.5.1 Information contents and amplification factors
	3.5.2 Comparison of the model scenarios
	3.5.2.1 Results of model Scenarios 1 and 2
	3.5.2.2 Results of model Scenarios 3 and 4

	3.5.3 Comparison of different model resolutions

	3.6 Conclusions

	4 Evaluation of 3D model parameterizations using water transit time distributions
	4.1 Abstract
	4.2 Introduction
	4.3 Experimental setup
	4.3.1 The experimental test site Wüstebach
	4.3.2 Hydrology data collections

	4.4 Model and methods
	4.4.1 The SLIM-FAST model
	4.4.2 Parflow-CLM and SLIM-FAST model setup
	4.4.3 Streamwater TTD estimate using TRANSEP
	4.4.4 Scenario analysis

	4.5 Results and discussions
	4.5.1 Comparison of different number of initial particles
	4.5.2 Effect of dispersion parameters
	4.5.3 Comparison of upscaling schemes

	4.6 Conclusions

	5 Synthesis
	5.1 Final Conclusions
	5.2 Outlook

	Acknowledgements
	References
	Publications

