
Heft 121 Rainfall and Flood Nowcasting
in Small Catchments
using Weather Radar

von
Dr.-lng.
Uwe Eh ret

TechrDsQhe Hochschule DatmsfocH
Instttut fur whsjeibau und Wasserwirtschoft

iet Wasserbau

Eigenverlag des Instituts fur Wasserbau an der Universitat Stuttgart



XIV

Table of contents

1 Introduction 1

1.1 Motivation 2

1.2 Goals 5

1.3 Approach 6

2 General information 12

2.1 Definitions and abbreviations 13

2.2 Hydrometeorological Processes 15

2.2.1 Micro scale: Cloud processes 15

2.2.2 Meso-y scale: Convective cells and supercells 16

2.2.3 Meso-|3 scale: Frontal systems, squall lines and orographic rain 17

2.2.4 Meso-oc scale: Synoptic systems 18

2.3 Weather radar 20

2.3.1 Radar Theory 21

2.3.2 Use of weather radar in hydrology 26 i

2.4 Rainfall Simulation 28 :

2.4.1 The String of Beads Model 31 j

2.5 Rainfall-Runoff modeling 34 !
I

3 Data 36 j
3.1 The study area 36 I

3.2 Gauge network 41 [

3.2.1 Rain-gauges 43 I

3.2.2 Weather radar ". 45 {

3.2.3 Disdrometer .• 46 I

3.2.4 Rivergauges 48

3.3 Datastorage 49

4 Rainfall type classification using Radar 51

4.1 Meteorological rainfall types and distinctive features 52

4.2 Classification technique and application 61

4.2.1 Optimized fuzzy rule system classification 62

4.2.2 Results 65
I

4.3 Conclusions 67 j
5 Advection estimation and forecasting using Radar 69 I

5.1 Advection estimation 70 !

5.1.1 Advection estimation using the Doppler effect 70



XV

5.1.2 Advection estimation using Covariance maximization and Simulated Annealing 72

5.1.3 Combined advection estimation 73

5.2 Advection forecast 76

6 Spatial rainfall estimation 81

6.1 Preliminary data analysis 85

6.2 Quality criteria 88

6.3 Rainfall estimation using static and updated Z-R-relations 90

6.3.1 Rainfall estimation using static Z-R-relation 90

6.3.2 Continuous updating of Z-R-relation 91

6.3.3 Multiplicative correction of radar data 93

6.4 Rainfall estimation using ground-based Z-R-relations 95

6.5 Kriging based rainfall estimation 96

6.5.1 Interpolation of rain-gauge data using Ordinary Kriging 97

6.5.2 Interpolation of rain-gauge data using External-Drift Kriging 98

6.6 Geostatistical merging of radar and rain-gauge data 99

6.7 Comparison and Conclusion 104

7 Rainfall forecasting 111

7.1 Introduction Ill

7.2 Image-scale forecast 116

7.2.1 WAR and IMF normalization 118

7.2.2 Forecast parameter estimation 123

7.2.3 Results 126

7.3 Pixel-scale forecast 129

7.3.1 Principal approach 129

7.3.2 Parameter estimation 134

7.4 Combined forecast - the SCM model 135

7.4.1 The principal steps of the SCM model 135

7.4.2 Application and results 139

7.5 Conclusions 148

8 Flood forecasting 149

8.1 Introduction 149

8.2 The rainfall-runoff model FGMOD/LARSIM 153

8.2.1 Model structure and parameter estimation 153

8.2.2 Parameter sets used 156

8.2.3 Model performance 158



XVI

8.2.4 Flood forecasting with FGMOD/LARSIM 162

8.3 The rainfall-runoff model HBV-IWS 162

8.3.1 Model structure 163

8.3.2 Parameter sets used 168

8.3.3 Model performance 173

8.3.4 Flood forecasting with HBV-IWS 174

8.4 Flood forecasting using rainfall observations 174

8.5 Flood forecasting using rainfall forecast scenarios 176

8.6 Summary and conclusion 180

9 Summary and perspective 182
10 References .-. 188
11 Appendix 201


