
Contents

Contents iii

List of Figures vii

List of Tables xi

1 Ecuador and the Plan Colombia 3

2 Glyphosate and Aerial Drift 9
2.1 The Basics............................................................................................ 13

2.1.1 Products used in the spraying of illicit crops.................... 22
2.1.2 Handling and Storage............................................................. 26

2.2 Effects.................................................................................................. 27
2.2.1 Presence of glyphosate in food............................................. 28
2.2.2 Toxicity................................................................................... 28

2.3 Drift...................................................................................................... 30
2.3.1 Size of the droplets................................................................ 31
2.3.2 Aerodynamics.......................................................................... 34
2.3.3 Nozzle design.......................................................................... 36
2.3.4 Application methods............................................................. 41

2.4 Meterological conditions in aerial applications............................. 43
2.4.1 Speed and wind direction .................................................... 44
2.4.2 Temperature............................................................................. 46
2.4.3 Relative humidity................................................................... 48
2.4.4 Atmospheric Instability.......................................................... 53

3 Aerial spraying in Plan Colombia 55
3.1 Aerial spraying.................................................................................. 55

https://d-nb.info/1290604002


iv CONTENTS

3.2 Coca crops and opium poppy .......................................................... 58
3.3 Illicit Crop Monitoring Program....................................................... 60
3.4 Coca crop and poppy opium zones in Colombia.......................... 61
3.5 Meteorological Conditions at the border ....................................... 70

3.5.1 Climatic analysis.................................................................... 70
3.5.2 Metereological conditions for the sprayings....................... 75
3.5.3 Climate of the Nariho department....................................... 76
3.5.4 Climate of the Putumayo department................................. 78
3.5.5 Meteorological data............................................................ 79
3.5.6 Stations near the study location.......................................... 79
3.5.7 Dataset ds461.......................................................................... 80
3.5.8 Dataset ds512.0....................................................................... 81
3.5.9 Other sources.......................................................................... 83

4 Mathematical model 95
4.1 Introduction.......................................................................................... 95
4.2 The Atmospheric Boundary Layer.................................................... 97

4.2.1 Atmospheric surface layer.................................................... 99
4.3 Turbulence............................................................................................. 99

4.3.1 Atmospheric turbulence ...........................................................100
4.3.2 The Reynolds number..............................................................104
4.3.3 Reynolds approximation...........................................................105
4.3.4 Navier-Stokes equation..............................................................Ill

4.4 Modelling of Aerial Sprayings..............................................................113
4.4.1 Models for sprayings close to the nozzle................................. 113
4.4.2 Models for sprayings far from to the nozzle...........................114
4.4.3 Gaussian Models....................................................................... 114
4.4.4 Lagrangian Models.................................................................... 118

4.5 The Mathematical Model.......................................................................121
4.6 Equations governing the model .......................................................... 124
4.7 Numerical simulation............................................................................. 128

4.7.1 Two dimensions.......................................................................... 130
4.7.2 Three dimensions .................................................................... 162
4.7.3 Interpretation of the results.................................................... 168

5 Conclusions 171
5.1 Conclusions............................................................................................ 171



CONTENTS v

5.2 Oportunidades de investigacion......................................................... 172

Bibliography 173

Index 186


