Contents

P refacCe.. ... VIl
1 INErOAUCTION. ...t 1
1.1 A stock-recruitment model............cocooiiiiiiiii 2

1.2 Competition between plant biotypes........cccccoeeviveveiiesecceseenn. 3

1.3 Grouped dose-response data...........ccccceeveiieireiinieseeie e 4

2  Getting Started........c.ccooiiiiiiece e 7
2.1 BAaCKQrOUNG.......coiiiiieiecieiee e 7

2.2 Getting started With NISO ... 8
2.2.1 Introducing the data example.........ccccoiinininininiiinnnn. 9

2.2.2  Model FIttiNG .oooveeiieee e 9

2.2.3  PrediCtioN.......cccccoiiiiiiece e 13

2.24  MaKING PIOtS ..ooviiiiiiieeeee e 15

2.2.5 [lustrating the estimation............cccccoeeviniiiinnnicneee, 16

2.3 Generalised linear Models.........c.cccooeiiiiiiiniiee e 18
T (o] =PSRRI 20

3 Starting Values and Self-starters..........cccccocevivvieiienceve e, 23
3.1 Finding starting ValUes.............cocooieiiiiiii e 23
3.1.1 Graphical exploration............cccccevieriiiiiiiennee e, 23

3.1.2 Searching a grid......ccccoceiieviiiieiieie e 27

3.2 Using self-starter fUNCLIONS .........cccooiiiiiiiniie e 29
3.2.1 Built-in self-starter functions for NIsO............c.cccvenee. 30

3.2.2 Defining a self-starter function for NnlsO ...........c........... 31
] (o 1= SRS 35

4 MOore oN NISO . ... 37
4.1  Arguments and methods ... 37
4.2 Supplying gradient information.............cccccevviiiiiie i 38

4.2.1 Manual SUPPIY ... 39



X

Contents

4.2.2 AUtOMALIC SUPPIY..c.oiiieiiiiieee e 40
4.3 Conditionally linear parameters...........cccccovveiveieeiecese e 41
4-31 nls usi:i® the "plinear™ algorithm..........ccccoooveenee 42
4-3.2 A p*it"Trian approach.........ccccccoceviieicie e, 43
;M OF ... ndeis with several predictor variables.......................... 45
4-4.1 Two-dimensional prediCtor ..........cccvvvininieieneneseniens 45
N-4.2  General least-squares minimisation...........ccccoveveeveienenn, 48
T = o] g 1 0[S (o [ T PSPPI 50
4.6 Controlling NISO ..o 52
EXEICISES ottt 53
Model DIagNOSHICS.......ccciiiiiiie e 55
5.1 Model aSSUMPLIONS........ociviiiiiiiee e 55
5.2 Checking the mean StrUCTUIE...........ccccooiiiiiiiiince e 56
5.2.1 Plot of the fitted regression CUrve..........c.ccocceeveriesienvennns 56
5.2.2 Residual plots .......ccccoviiiiiiii 59
5.2.3  Lack-0Of-fit TESTS......cccoiieecieceere e 60
5.3 Variance NOMOQENEILY.........cooveiiiieiie e 65
5.3.1 Absolute residuals.........ccccccovieiiiiiinieie e 65
5.3.2 LeVene's TeSTL......ci i 65
5.4 Normal diStribDULION..........ccoeiiiiiiiie e 66
541 QQ PlOt....iiiiiiii e 67
5.4.2  Shapiro-WilK TESt ......cccoiiiiiiiiiiceeee e 69
5.5 INAEPENUENCE........coiiieiie e 69
Exercises ......... 70
Remedies for Model Violations...........ccccccoceviviieiicic s 73
6.1 Variance mModelling.........ccociiiiiiiiii e 73
6.1.1 Power-of-the-mean variance model............ccccccevvrirrnnnnne. 74
6.1.2 Other variance models...........ccccvvveviiiiiieii e, 77
6.2 TranSTOrmMAatiONS. .......cccoiiiiiieieee e 78
6.2.1 Transform-both-sides approach............cccecveviiiiiciieninene. 78
6.2.2 Finding an appropriate transformation.................ccc........ 81
6.3 SaNdWICh @STIMALONS........coviiiiiiieiiie s 83
6.4 WEIGNTING......coiiiiiii e 85
6.4.1 Decline in nitrogen content in SOIl..........cccooviiiiiinciinnn, 87
EXBICISES it gl
Uncertainty, Hypothesis Testing, and Model Selection........ 93
7.1 Profile HKElINOOd.........cccoooiiiiiiccce e 94
7.2 BOOUSIIAD...cciiiiii it 96
7.3 Wald confidence intervals.........ccccooviiiiiiiiene e, 99
7.4 Estimating derived parameters.........ccocooevereneienene s 100
7.5 Nested MOAEIS.......ccooiiiiiiie e 101

7.5.1  USING C-TESTS...cuiiiiiiiiiieie ettt 102



Contents Xl

7.5.2  USING F-TeSTS....cciiiiiiiiiecee e 103

7.6 Non-nested MOdelS .......cccooveiiiie i 105
EXEBICISES oottt sttt ne et ne s 108

8  Grouped D aAta.......cccooeiiiiiiiiiiiceeee e 109
8.1 Fitting grouped data models...........ccccovviiiiiiiiiiccesee e, 109
8.1.1 UsSIiNg NISO ... 11

8.1.2 UsSINg gNISO ..o 112

8.1.3 UsiNg NISLISt () eeevvieecieice e 113

8.2 Model reduction and parameter models .........ccccccovieiiiiiiiiiinnnnn, 114
8.2.1 Comparison of entire groups........cccccvevveviireiiesieeseesineenes 114

8.2.2 Comparison of specific parameters...........cccceceevivevieeiiennnnn, 115

8.3  CommON CONTIOL.......cooiiiiiiice 118

ST A o =T o [ Tod 1 o] o SR 121

8.5 Nonlinear mixed MOdElS.........ccooviiiiiiiiiii s 123
EXEICISES ottt bbb 131
Appendix A: Datasets and Models.........cccocoviiiininicnenise s 133
Appendix B: Self-starter FUNCLIONS..........cccccevii i 135
Appendix C: Packages and FUNCLIONS...........ccocoviiiiiincnenenccee, 137
RETEIENCES... .. 139

Index 143



