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Abstract 

Snowmelt is the main source of water in high and mid-latitudes catchments. Many 

small and big water projects are established in such catchments, so prediction of 

snowmelt-runoff assume great importance in such areas. Unfortunately, in spite of 

importance of snowmelt runoff process, many of snowy catchments are ungauged, so it 

is necessary to develop and apply proper algorithms in hydrological models to cope up 

with data problem. Also implementation and evaluation of new techniques in 

hydrological simulation should be borne in mind. Out of the many categories of 

hydrological models, conceptual models are more suited for ungauged catchments. The 

SWAT (Soil and Water assessment Tools) model is one of the latest of these series of 

hydrological models, which has a special concern on ungauged catchments. In addition 

to the conceptual models, artificial neural networks (ANNs) is another model structure 

that requires comparatively less data and has shown considerable potential for 

hydrological simulation. 

The present research work is mainly aimed to develop an algorithm for snowmelt-

runoff simulation for ungauged catchments, wherein the required data has been 

generated. To fulfill this objective, response of some of the snow methods and models to 

synthesized data has been assessed. After reviewing a wide spectrum of the hydrological 

models, Degree-Day, SRM, ARNO, SNOW17, SHE, USAGE, and Kuzmin, which are 

combination of temperature, temperature-radiation and energy budget methods in 

snowmelt modeling have been selected. The snow module of these models has been 

programmed and put in the proposed snow module. It has been postulated that 

precipitation, air temperature and relative humidity are the data that can be supplied for 

snowy catchments and other should be estimated. Solar radiation lies in the second 

categories,of the data 'set that should be synthesized. In this regard a number of 

approaches including, temperature-based and stochastic methods along with ANNs have 

been used to estimate solar radiation. Results show better compatibly of temperature-

base approach for estimation of solar radiation for snowmelt modelling in ungauged 



catchments. This new snow module has been linked with the SWAT to evaluate the 

selected snow modules at same level of the prevailing condition. 

ANNs, has also been formulated for snowmelt-runoff simulation as alternative model 

structure and its results at daily simulation have been compared with the SWAT model 

linked with the new snow module. Results show less dependency of this technique on 

data, expertise and requirement of calibration. It also reveals that the performance of 

ANNs during low flows is quite good, but in high floe the SWAT has performed better. 

In spite of some positive points with ANNs, after successful calibration of the SWAT 

model, there are many facilities that can accrue from this model, because of its physical 

basis, such as management scenario generation (e.g. evaluating change in hydrological 

regime due to change in crop type, landuse, etc) and climatic scenario generation (e.g. 

simulating changes which can occur in the hydrological regime due to change in the 

meteorological variables due to climatic change), estimation of sediment erosion and 

water qualities 

In addition to snowmelt-runoff simulation, monitoring of snow water equivalent 

(SWA) and snow cover area (SCA) are other issues that have been embedded in the 

developed algorithm in conjunction with geographical information system (GIS), The 

applied methodology has been developed in such a manner that it is less dependent on 

rare data and also be applicable in ungauged catchments. 



TABLE OF CONTENTS 
Chapter 1 	 1 

Introduction 
1.1 Hydrological Models 3 

1.1.1 Application of Conceptual Models in Rainfall-Runoff simulation 3 

1.1.2 Snowmelt-Runoff Modules and Methods 4 

1.1.3 Spatial and Temporal Variation of SCA and SWE 5 

12 Application of ANNs in Rainfall-Runoff process 5 

1.3 Objectives of the Study: 6 

14 Organization and Content of the Thesis 6 

Chapter 2: Review of Literature 9 
2.1 Basics of Snow Formation and Snowmelt Processes 9 

2.1.1 Net Radiation Transfer 11 

2.1.2 Latent and Sensible Heat Transfers 11 

2.1.3 Heat Transfer by Mass Changes (Advectecl Energy) 12 

2.1.4 The Magnitude of Different Energy Fluxes 13 

2.2 Problems Encountered in Snowmelt-Runoff Simulation 14 

2.2.1 Precipitation 15 

2.2.1.1 Form of Precipitation 16 

2.2.1.2 Spatial Variation of Precipitation 17 

2.2.1.3 Spatial Variation of Snow 18 

2.2.2 Temperature 19 

2.2.3 Radiation 20 

2.2.3.1 Generation of Radiation Data 20 

2.2.3.2 Incorporation of Slope and Aspect in Radiation Calculation 21 

2.2.3.3 Albedo and Ernissivity 22 

2.2.4 Snow Water Equivalence (SWE) 23 

2.2.5 Scaling Effect 24 

2.2.6 Watershed Discretization Schemes 25 

2.2.7 Calibration and Validation 26 



2.2.8 Climate Change as a Recent Scopes in Snowmelt Simulation 27 

2.3 Methods and Modules in Snowmelt-Runoff Simulation 27 

2.3.1 Modeling Approaches 29 

2.3.1.1 Temperature Based Method 31 

2.3.1.2 Energy Budget Based Method 33 

2.3.1.3 Temperature-Radiation Based Method 35 

2.3.1.4 Flow Transmission Based Method 35 

2.3.1.5 Statistical Method 40 

2.3.2 Selection of Approaches and Models 41 

2.3.3 Models Parameters Requirement 42 

2.4. Application of GIS and Remote Sensing (RS) 44 

2.4.1 Geographical Information System (GIS) 45 

2.4.1.1 Digital Elevation Models (DEM) 46 

2.4.2 Remote Sensing 47 

2.5 Artificial Neural Network 50 

2.5.1 Limitations and Advantages 52 

2.5.2 Application of ANNs in Water Resources 53 

2.5.3 Application of ANNs in Rainfall-Runoff Modeling 55 

Chapter 3: 58 
Model Conceptualization and Methodology Development 
3.1 General Scope of the SWAT 59 

3.2 Description of the Selected Snowmelt Modules 64 

3.2.1 Snowmelt Module in the SWAT Model 65 

3.2.2 Degree-Day Method 	 67 

3.2.3 SNOW 17 Model 	 70 

3.2.4 The SHE Model 	 72 

3.2.5 The ARNO Model 	 75 

3.2.6 U.S. Army Corps of Engineers (USACE) Method 	 77 
3.2.7 Kuzmin Model 	 78 

3.2.8 Snow Runoff Model (SRM) Model 	 83 



3.3 Incorporation of the Snow Modules in the SWAT 86 

3.4 Spatial Variation of Snow Cover Area (SCA) and Snow Water Equivalent 88 

(SWE) 

3.4.1 Incorporating Slope and Aspect in Solar Radiation Estimation 88 

3.5. Incorporation of Spatial Analysis in the New Model Module 94 

3.6 Artificial Neural Networks 95 

3.6.1 Mathematical Aspects of ANNs 97 

3.6.2 Design of ANNs 98 

3.6.3 Network Training 99 

3.6.3.1 Radial Basis Function (RBF) 101 

3.6.3.2 Elman Network 101 

3.6.3.3Cascade Correlation Algorithm (CCA) 101 

3.6.3.4 Back-Propagation (BP) 102 

3.6.4 Standardization 102 

3.6.5 Model Performance Criteria 104 

Chapter 4 106 
Description of the Study Area 
4.1 Meteorological and Hydrometeorological Stations 108 

4.2 Data Preparation 108 

4.3 Meteorological and Hydrological Data 109 

4.3.1 Precipitation 114 

4.3.2 Air Temperature 114 

4.3.3 Air Temperature and Precipitation Laps Rate 115 

4.3.5 Snowfall 116 

4.4 Climate 117 

4.5 Geology 117 

4.6 Soil Type and Land Use 118 

4.7 Topography 118 

4.7.1 Elevation 119 

4.7.2 Drainage Network and Subcatchments 119 



Chapter 5 121 
Data Preparation for Catchment Modelling 
5.1 The SWAT Data Requirement 121 

5.1.1 Non-Spatial Input Files 121 

5.1.1.1 Description of Input Files 123 

5.1.2 Spatial Input Files 125 

5.1.2.1 Watershed Parameterization with DEM 125 

5.2 Data Generation in the SWAT Model 129 

5.2.1 Limitation of Data Generation in the SWAT 130 

5.3 Data Generation for the Developed Snow Module 130 

5.3.1 Solar Radiation 131 

5.3.1.1 Estimation of Solar Radiation using Stochastic Method (ST) 131 

5.3.1.2 Estimation of Solar Radiation using Temperature Based Method 133 

(TB) 143 

5.3.1.3 Estimation of Solar Radiation Using ANNs 144 

5.3.1.4 Selection of Suitable Method for Estimating Solar Radiation 

5.3.1.5 Estimation of Long Wave Radiation Using Temperature Data 147 

5.3.1.6 Incorporating Slope and Aspect in Estimation of Solar Radiation 149 

5.3.2 Actual Sunshine Hours to Potential (n/N) 	 151 

5.3.3 Wet-Bulb Temperature 	 151 

5.3.4 Status of precipitation (Snow or Liquid) 	 151 

5.4 Summery of data requirements for the Snow Modules 	 153 

Chapter 6 	 154 

Conceptual Model Application to the Study Area 
6.1 The Model Calibration 	 155 

6.1.1 HRU General Input Files (*.SUB) 156 

6.1.2 Ground Water Input Files (*.GW) 158 

6.1.3 Weather Generator Input Files (*.WGN) 159 

6.1.4 Soil Parameters (*.SOL & *.BSN) 161 

6.1.5 Stream Flow Validation 162 



6.2 Evaluation of the New Snow Module 	 164 

6.2.1 Snowmelt-Runoff Simulation Using SWAT with Developed Snow 	164 

Module 	 166 

6.2.2 Monthly and Yearly Simulation with no Melt During Falling Season 	167 

(Case-I) 	 170 

6.2.3 Monthly and Yearly Simulation with Melt During Falling Season (Case-

ID 

6.2.4 Evaluation of the Model Performance at Daily Time Scale 

6.3 Spatial Analysis of Snowmelt 	 176 

6.3.1 Grid size 	 176 

6.3.2 Physiographical Importance on Spatial Variation of Energy 	 177 

6.3.3 SCA and SWE Monitoring 	 177 

Chapter 7 180 
Artificial Neural Network for Snowmelt-Runoff Simulation 
7.1 Optimal Network Architecture and Network Training 180 

7.1.1 Data Standardization 181 

7. 1 .2 Activation Function 181 

7.1.3 Effect of Number of Layers and Hidden Neurons 182 

7.1.4 Network Selection 185 

7.1.5 Local Optima 186 

7.1.6 Identification of Input Vector 187 

7.2 Evaluation of the Training Length 191 

7.3 Comparison of Developed Snow Module and ANNs 193 

Chapter 8 	 196 
Conclusion 
Scope for Future Research 	 200 

References 	 202 

Appendix I 	 219 
Appendix II 	 227 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

