U8 cpyce LUNES

Frameworks for Evaluating and Improving

Simplified Hydrologic Models for Baseflow
and Rainfall-Runoff Estimation Using
Distributed Physical Models

LiLi

BEng, MEng

Thesis submitted in fulfilment of the requirements for the degree

of Doctor of Philosophy

The University of Adelaide
Faculty of Engineering, Computer and Mathematical Sciences
School of Civil, Environmental and Mining Engineering

Copyright® March 2013






Table of Contents

Table of Contents

Table OF CONTENTS. ......ooiiiiiiee s i
Abstract VII
Statement of OrigiNAlILTY .........ccooviiiiiiie e IX
ACKNOWIEAGEMENTS .....c.veiiicic e Xl
LISt OF FIQUIES ..ottt X1
LiSt Of TaDIES ..o XVI
1 INEFOAUCTION. ...t e 1
1.1 Research background............cccoceeiiiiieiieie s 1
1.2 RESEAICH @IMS ..eoiiiiiiiiiiiiieieie ettt 6
1.3 Organisation Of theSIS ........cccoeiiiiiiiiii e 9
2 Framework for assessing and improving the performance of

recursive digital filters for baseflow estimation with application to the

Lyne and Hollick filter (Paper 1) ......cccocvieiiiiiiie e 11
/220 A 111 700 [ o{ £ o] o USRS 17
2.2 Generic framework for assessing and improving the performance of

RDFs for baseflow eStimation............ccceoiiiiinieienesese e 21
2.2.1  Performance asseSSMENTt..........cceiirirrieriesieeieenie e 22
2.2.2  Performance improvement ..........ccocuvvreeieneneneneseseseeee s 23

2.3 CASE STUY ...ttt 25
2.3.1  Catchment characteristics and hydrological properties............. 25
2.3.2  Fully integrated SW/GW model..........c.cccovveiiiiiiiiiieie e, 27
2.3.3  Digital fIIer ...ccveiviiieieeeee e 32
2.3.4  Error measure and optimization proCcedure ...........c.ceeveeervernenn 34

2.4 Results and diSCUSSION .........ccuiierierieiienisieeeie e 36

2.4.1 Relationship between optimal filter parameters and soil

PIOPEITIES ..ottt bbbttt 36
2.4.2  Relationship between filter performance and soil properties....42
2.5  Summary and CONCIUSIONS .........ccoiiiiiieiie e 47
2.6 ACKNOWIEAQEMENLS........ooiiiiiiiect s 49



Table of Contents

3 Performance assessment and improvement of recursive digital
baseflow filters for catchments with different physical characteristics and
hydrological INPULS (PAPET 2).......coiiieiiieieieie s 51
3.1 INTOTUCTION ..o 57
3.2 Methodology ....ccecoveiieiiee e 60
3.2.1  Selection of catchment characteristics and hydrological inputs 62
3.2.2  Fully integrated SW/GW model ..........ccccoviiiiiiiiiee 69
3.2.3  RDFS ittt e 72
3.2.4  Calibration and performance assesSSment..........cccccvevververveennnn. 75
3.25  Development of regression models..........cccooevveieivieineiieennnn, 77

3.3 ReSUItS and dISCUSSION........eieerieeieiiesieerieeiesiee e eee e sieeee e sreeneens 79
3.3.1  Simulated streamflow and baseflow .............ccccoeviviiiiiiernnnnnnn. 79
3.3.2  Optimal filter parameters ..........ccoevveveiieie e 83
3.3.3  Filter performance..........cccovveieieeie e 88
3.3.4  Practical Implcations..........ccooeiiiiiiieneeee s 93

3.4 Summary and CONCIUSIONS.........cceiiririiisisieeeee e 95
3.5 Acknowledgement..........cooiiiiieie e 98

4 Assessment of the internal dynamics of the Australian Water
Balance Model under different calibration regimes (Paper 3) ................. 99
g N 1011 oo [ od o] o PSSR 105
4.2 Methodology ......ccccveiieieiicie e 108
4.2.1  Catchment characteristics and hydrological inputs................. 109
4.2.2  Fully integrated SW/GW model ..........cooviiiiiiiiiiiiiiin, 111
4.2.3  Australian Water Balance Model (AWBM) .........ccccocvvvrnnine 112
4.2.4  Calibration of Australian Water Balance Model (AWBM).... 114
4.2.5  Evaluation of model performance...........cccocovveveiieiiciecnenn. 122

4.3 ReSults and diSCUSSION........c.civeuriiereeieseeseesie e see e 122
4.4  Summary and CONCIUSIONS..........covriiriiiiiiiisieeee e 129
45  Acknowledgement..........ccooiiiiiieiiie e 131

5 CONCIUSIONS ... e 133
5.1  Research CONtHBULIONS .......ccveiviiieiieie e 135
oI SV o] [ToF: 4 o] SR 137
5.3  Research limitations .........ccccoeeviiiiiiiie s 138
5.4  Recommendations for future Work...........c.ccooovvvriinieninninncseee, 139

v



Table of Contents

RETEIEINCES ...ttt e e e e e e e e 141
APPENAIX A o raenre e 155



VI



Abstract

Hydrologic models are becoming increasingly important in the planning,
design, operation and management of natural and engineered systems.
However, development of such models is complicated by the fact that the
underlying physical processes are extremely complex and that the observation
and measurement of these processes are expensive and difficult.
Consequently, simplified models are generally used in practice for purposes
such as baseflow estimation and rainfall-runoff prediction. However, it is
difficult to provide a rigorous assessment of how well such simplified models
perform under a range of catchment characteristics (e.g. catchment area, soil
type, slope) and hydrological inputs (e.g. rainfall, evaporation) and how well
they are able to capture the underlying physical processes. In addition,
without such assessments, it is difficult to change model structure and
parameterization in order to improve the models’ predictive capability and the

ability to better represent physical processes.

In order to address these shortcomings, in this research, generic frameworks
for (i) evaluating and improving recursive digital filters (RDFs) for baseflow
estimation and (ii) evaluating the internal dynamic performance of conceptual
rainfall runoff (CRR) models are developed and applied. The underlying
premise of the frameworks is that fully integrated surface water/groundwater
(SW/GW) models are able to provide the best possible approximation to the
physical processes of water flow within catchments and can therefore be used
as a benchmark against which the performance of these simplified models can
be assessed for a variety of physical catchment characteristics and
hydrological inputs.

The major research contributions are presented in three journal publications.

These publications describe: 1) the development of frameworks to evaluate

\l



and improve RDF performance for baseflow estimation based on catchment
characteristics and hydrological inputs and their application to a single RDF
under a limited number of catchment characteristics; 2) the application of the
frameworks developed in the first paper to three RDFs under a larger range of
catchment characteristics and hydrological inputs, as well as the development
of regression equations for predicting RDF performance and optimal RDF
parameters for improving RDF performance; and 3) the development and
application of framework to evaluate the internal dynamic performance of one
commonly used CRR model-Australian Water Balance Model (AWBM)
under different calibration regimes under a larger range of catchment
characteristics and hydrological inputs. Consequently, this research has
developed a new way of evaluating and improving commonly used simplified

hydrologic models for baseflow estimation and rainfall-runoff prediction.
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