Member of the Helmholtz Association

Process-based modelling of regional water and energy
fluxes taking into account measured neutron intensities

by cosmic-ray probes

Roland Baatz

lilgenrath Germany

evsn ich

2
Merzenhause

Energie & Umwelt/
Energy & Environment
Band/ Volume 362

ISBN 978-3-95806-211-5

@ Cosmic-ray location
|:| Cosmic-ray footprint
@ SoilNet sensor unit

/10 m contour lines
D Catchment boundary
\/ Streams

[ lower than 25 m
[]150mto 100 m
[]100 mto 200 m

[ 1200 mto300m
]300 mto 400 m
1400 mto 500 m
higher than 500 m

Wiistebach test site

#) J0LICH

FORSCHUNGSZENTRUM



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

Process-based modelling of regional water
and energy fluxes taking into account measured
neutron intensities by cosmic-ray probes

Roland Baatz

Schriften des Forschungszentrums Jilich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 362

ISSN 1866-1793 ISBN 978-3-95806-211-5



Contents

ABSTRACT \
ZUSAMMENFASSUNG Vi
LIST OF FIGURES IX
LIST OF TABLES Xl
LIST OF ACRONYMS XV
1 INTRODUCTION 1

3

1.1  GENERAL CONTEXT....

D.2  STATE OF THE ART .ttt ittt st sttt ettt et e st s e s s ea e st st e bt e bt e bt e b e e s b e e s he e s hs e s an e saa e e b e e b e e bt e sb e e s beesaeesanesanesaneennes 2
1.2.1 Soil water CONteNt MEASUIEMENTS..........ccccveveiieiiriiiiieiieiieieteett sttt ettt sttt ss st 2
1.2.2  Community land model .8
1.2.3  Data assimilation with the ensemble Kalman filter .............c.ccocueveviniiriiniieiieiieiisiinisesieieeesieiene 12

1.3 RESEARCH OBJECTIVES w..uviuiiuiiiietetiitt it estest ettt eas i bbbt e s h e bt sa s b b eas et et a s sa e s b b s ens et en b e as e 15

1.4  OUTLINE

CALIBRATION AND EVALUATION OF A COSMIC-RAY PROBE NETWORK® 18
2.1 INTRODUCTION. c.ueututtentesesentseeseetensesessesesseneese s es et eseebe s eaeseeseeseseebeatebeaseaeesea e ebea s ebe b e st sae st ee et eb et e st sbe st eseneenentenes 18
2.2 IMIATERIALS AND METHODS ....vutveuteteatesentesesteseestsesesesessenseseseesteseseeb et esessest st ese et eatesenbesesaeneese s ebenbeneabenseneneenesenes 21

2.2.1  Site description and iNStrUMENTALION ...........ccceeveuieiiriesieniieieieietesiestee ettt sttt ettt 21

2.2.2 Corrections of neutron counts

2.2.3 MeasuremMeNt SUPPOIT VOIUME ............cecueeeueeeieesiiesiiesiiesiiestiestiesteeteete et esteesseesstesssesssasssesasssnseensesssees 27

2.2.4  Quantification Of RYArogen POOIS............c.eecueeceeeiecieeiesee s e eee et e e e e e ta et e s e s e s aesssassansaens 28

2.2.5  Cosmic-ray probe soil water content determination

2.2.6  Evaluation of soil water content eStimated With CRP .............ccecuevuerererieriereeieieesiesiesiesesesieeseenieniens 33
2 T 11 U PP 34

2.3.1  MeEASUIEd NEULION fIUX ..cuvrueeueeiieiienieiesit sttt sttt ettt et s bttt e et e e s sente s st saesaeeneensensens 34

2.3.2 COlIBIALION FESUILS ...ttt ettt sttt et et et et e st e st e saeesanesana e 36

2.3.3  Comparison of soil water content results from Ny-method and COSMIC operator..............cccccueeuen. 38

2.3.4  Results of repeated calibration CAMPQAIGNS ..........c.cocueereeseesiiesiiesiese ettt ettt seesieeseesne e 39

2.3.5  Comparison With tWO SENSOI NEEWOIKS ...........cc.eeeueeueeieeieesiiesitesie ettt ettt ettt et sieesee s 40
2.4 DISCUSSION c.utrtueteutetentesessentssestetetes e be st sae e ese st es et eseebe s eseseeseeseneeben e e bt ssesessea e ek emseb e b e st sa e st es et eb et e st e be e ene st enentens 45
2.5 CONCLUSIONS ...uviieititieti ettt sh bttt s h b e a b eb e ae b b s e b e b e sa s sa e h e b s e e et et s ea s sa e s b e ebe e s et et e e 48

DEVELOPMENT OF AN EMPIRICAL VEGETATION CORRECTION FOR COSMIC-RAY PROBE MEASUREMENTS' 50



3.1 INTRODUCTION. c..ceutiiuteeutteuttett et et e st e st st sae e st e e bt et e bt e be e s be e s be e s eeesae e san e ean e e st e bt e bt e sbeesbeeseeesaneseneeaneenneenneenneen 50

3.2 IMIATERIALS AND IMETHODS ...veveteutuearenesteeestseseesensesessestseeseeseseesessesesaese et essesessesesaeseeseseestseseesensssessenesaeseesenserensens 52
3.2.1  Site description and iNSErUMENTALION .............eeeeeeieiieieeeeseeee ettt ettt 52
3.2.2  Derivation of soil water content from CRP measurements
3.2.3  Quantification of surface and SUD-SUIfaCE PAIAMELErS...........ccueveereeeieeieeieesieesieeseesee st 60
3.2.4  Analysis of vegetation impacts 0N NEULION fIUX ..........cccerercueiueiesiesiesiesieseeieiesiesiesiesie st sassessesieniens 65

3.3 RESULTS...

3.3.1 Calibration campaigns and vegetation eStIMALES .............cuecvueeeueeeeeiieesiiesiiesiesiesiessessesssesseesseesaes 68
3.3.2  Sensor-specific effiCciency COITECHION. ..........ccccuecueieiiriesiietieieieteteteseett ettt 68
3.3.3 Vegetation correction....
3.3.4  Evaluation of biomass correction at the Wuestebach teSt Site .........coccvecvecvesvesvesiesiesiesiesiesinenns 70
3.3.5  Evaluation of vegetation correction in case of an abrupt change in biomass............ccccccecvveevveevveecunns 72
3.3.6  Evaluation of vegetation-corrected neutron flux Neyin, Gt multiple Sites.............ccccevvvereecvvrvevenencnnne. 73
3.3.7 Indirect evaluation of the vegetation COMECLION ..........c.cuwvrurcirieiesiesiesieeteeeiietesiesiesie et st seenieniens 75
3.3.8  Sensitivity of fast neutron flux to aboveground DiOMQSS ............cccceecueeveeecieeciieiieeeseeseeseesee e 77
34 DISCUSSION ...cutieeevenreuereenteseseetteesesseseeue s e st e st ebes e beseeatse et et e e e b et e st s e e st ea e e bt s e st e b e st ea e e es bt e st be e sae s e esesaese s e e erennene 78
3.5 CONCLUSIONS ... etentuesteateeese ettt ettt eae e st s b e eb e st s e st et et b et esesa et et et e b et e st s b et e bt s es et es e b e e ebenseutnaeseete e ebennene 83
ASSIMILATION OF COSMIC-RAY SOIL MOISTURE MEASUREMENTS INTO A LAND SURFACE MODEL .......... 85
L R [ 1o 0T T 1o O 85
4.2 IMIATERIALS AND METHODS «.c.vevtuvenruentestteneesessesesaestsseseesessesessesesaeseestsseseesesesseseestsseseeteseesenseseseentsseseesemsesensenesaenees 89
4.2.1  Site description ANd MEASUIEMENTS ...........ccceeiueeceeesiresieesiesieseesteetassasteesaessaesssesseesssesssessssssessanns 89
4.2.2  Community land model and parameterization ................cooceeceeeeueesieesieesieesieeseeseesee s 90
4.2.3  COSMIC-IQY FOrWAIA MOGEI ...ttt sttt sttt et ensenaens 92
4.2.4 DA ASSIMIIGLION. ...ttt ettt 94
4.3 IVIODEL AND EXPERIMENT SETUP ....evtteuetentetenseseseeseesestesessesessesesaese et esaesessenessessesesseseetestesenseneseentsseneesensenessenesneneas 96
4.3.1 1Y Lo (=1 =1 11| < SO PRSP PPRP 96
4.3.2  MOGEI @NSEMDBIE ..ottt ettt 97
4.3.3 Experiment set-up
B4 RESULTS.c.eiuiitiieiiite ettt ettt sttt st e e et bbb s e s a b bt h et e a e et b et R e e se et et b et
4.4.1 GENBIAI TESUILS ...ttt sttt ettt et sae sttt et nenens
4.4.2  Verification period
4.4.3  Temporal evolution Of MEAN RIMSE ............ccueouerieririsieiieiesiesiesie st sttt sie e s st st ste e stanaesiesieens 107
N o Tod T =3 1 TV Lo 4 o Ky 108
4.4.5  Temporal eVOIULION Of PAIGMELEIS..........cccueuevueresieeisieieiesieseste sttt s sttt teste e saesaesanas 109
4.4.6  Latent heat and SENSIbIE AL ............c..ccooueeeuieieuieieieeieieee ettt 112



A.5  DISCUSSION ...uvtiutieurietiettestee st st sttt et e b e bt e bt e sb e e s be e s ae e see e saeesan e e an e e st e bt e b e e beesbeesaeesanesaneeaneenneeneeneenneenneens 113

4.6 CONCLUSIONS AND OUTLOOK ... cueuveeereriseasreesesesessssesesesesseeseseseasseeseseseasssssesesentsessesesenessnsesesesesasssesenenesssseseneensns 116
5 SYNTHESIS AND OUTLOOK 118
5L SYNTHESIS 1.ututueuteteueseaeteeeteseseseteuesenessetesesenessetesasen e s eeeseseneaeeseseseneaeetebeses et eeebesene st seebesesene st b esesentseesesebeneseesenatn 118
LS 307 ©U ) o0 PO 121
6 BIBLIOGRAPHY 124
PUBLICATIONS IN INTERNATIONAL PEER-REVIEWED JOURNALS 133
ACKNOWLEDGEMENTS 134




Energie & Umwelt/
Energy & Environment ’ o0
Band/ Volume 362 ’ J U LI C H

ISBN 978-3-95806-211-5 FORSCHUNGSZENTRUM




	Titelei 362 Baatz.pdf
	Leere Seite

	Leere Seite
	Leere Seite

