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288-291, 336, 338, 346
choice of 70-74
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347-354, 363-366

Model types 12, 51-55, 210-211, 273

Model users 28, 36, 45, 49-50, 51, 330, 340,
349, 353-354

MODFLOW 310-312

Monsoon "90 119, 136

Monte Carlo methods 77, 296
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110, 113, 115, 116

Moving polynomials (interpolation) 29, 30

Multi-criteria testing 72, 77, 299, 348

Multitemporal patterns 80-81, 188—189,
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Non-uniqueness (models) 71-72, 296, 331,
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Nudging (data assimilation) 145-146
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Number of sampling points 26, 48-49, 130,
177, 193, 216, 252, 253-254, 275, 307

Numerical weather prediction models 88, 97

see also Precipitation, models of

Objective functions 75
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Observed patterns 357-359
evaporation 120, 120
macropores 7, 8
piezometric surface 5, 278-280, 279
precipitation 86, 93, 95, 95, 135, 139,
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recharge/discharge 305, 307, 308
runoff 138-140, 138, 252, 264-268, 267
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195, 205-206, 220
snow 4, 171-175, 172, 178, 180, 183
soil moisture 5, 7, 41-42, 42, 137, 144,
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Organisation of variability 5, 7, 85-88,
202-203, 211-212
degrees of 7, 13, 22, 245, 247-248, 252,
260, 266, 267
imposed 12-14, 13, 45, 66, 75-76,
247-248, 294, 342-343
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Overfitting 29, 30, 339, 341
Overland flow 67-68, 67, 70, 151, 223, 254,
256, 264-269

Parameterisation
of precipitation 83-84, 87, 102
of runoff processes 70, 143, 225-226,
258-259, 274
Parameters
effective 38, 67, 68-69, 69, 117, 166, 184
identifiability 71-73, 73, 286, 290-291,
331, 339
optimisation of 75-78, 152153, 283-286,
288-291, 336, 338, 346
scale effects 72
Particle size distribution 41, 274
Pattern comparison methods
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point by point 78-79, 120, 173-174, 176,
182, 185, 229-230, 294, 319-320, 320
residual patterns 78-79, 230-234, 233
stratification by terrain attributes 79, 176,
246, 287, 288
visual 5, 78, 182, 228, 267, 289, 317-321
Patterns
binary 168, 172, 175, 195, 220, 361
complementarity of patterns and time
series 361-362
observed — see Observed patterns
relationship to process 5-11, 6, 87, 136,
203, 234-238, 245, 356-361
scale effects 11, 18-22, 114, 211-212, 212
simulated — see Simulated patterns
summary of use of patterns 356-364,
357-359
to identify model parameters 240-246,
267-268, 285-286, 315-321, 330
to identify model structure 95-97, 149,
171-175, 182, 199-200, 227-238,
240-246, 285-296, 330
utility of 3-5, 73, 97-98, 185-186,
244-246, 269, 271, 324-325, 329-331,
354, 356, 357-359
PCA (Principal Component Analysis)
200-206, 202-204, 206
Pedo-transfer functions 4041, 144, 244,
316, 332, 343
Penman-Monteith model (evaporation)
107-108, 114, 118, 224
Performance criteria (models) 74-81, 336,
337, 339, 341-342, 346
Philip equation (infiltration) 311



Physically based models 54, 151, 165-166,
178, 210-211, 221-223, 249, 257-259,
342
Piezometer 217, 275, 305
Pixel size 19, 114, 170, 194
see also Model elements
Pollution 55, 72
Porous media flow 52, 65, 69
Precipitation
areal reduction of 82, 140
depth area duration methods 82, 100-101,
101, 140
distribution, coverage 70, 82, 131-132,
132, 133
duration 82, 131-132
fluctuations 85, 89, 98
intensity 131-132, 248, 252
measurement of 21, 103, 127, 130-131
models of 84, 100-101, 140-141
patterns — see Observed patterns;
Simulated patterns
persistence of 96
scales of 9, 10, 40, 85, 90-91, 91, 100,
100, 133, 163-164
types of 9
see also Convective storm; Orographic
precipitation
variability of 82-83, 88-92, 96, 129134,
134, 156-157
Preferential flow 7-9, 8, 52, 53, 242, 256,
268
Priestley-Taylor equation (evaporation) 108,
115, 118
Proxy basin testing 340
Proxy data — see Surrogate data
Pushbroom radiometer 135, 137, 143, 144,
145, 156

RADAR (precipitation) 24, 83, 85, 86

see also SAR
Radiation

diffuse 161

longwave 161-162, 173, 178181

net 112, 121, 178

shortwave/global 119, 159-162, 178-181
Radiosondes 102, 111
Rainfall — see Precipitation
Rainfall-runoff models — see Model names
Rain gauges — see Precipitation,

measurement of

Range (geostatistics) 31-32, 32
Rate limiting processes 306
REA (Representative Elementary Area) 62
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Realisations (geostatistics) 37, 44, 260
Recharge 304, 307-309, 315, 321-322
see also Deep seepage
Regularisation (geostatistics) 20
Remote sensing 16, 332, 365
aerial photographs 165, 169, 174
calibration 24, 136138, 140, 195-197,
332, 341
evapotranspiration 108, 112, 118-121
microwave 24, 134-138, 188, 194-197
precipitation 24, 83, 85, 86
see also ESTAR
snow 169-170
soil moisture 21, 134-138, 144, 188, 213
vegetation 115, 200, 203-204, 204
Resolution 18-22, 27, 31, 34-35, 35
see also Model elements, size of
Rill flow 14, 67, 70
Riparian zone 189, 205
Root zone 106, 115, 149, 312
Roughness
aerodynamic 110, 114
Manning’s n 64-65, 68-69, 141, 259, 260
surface 69, 195
Runoff
measurement of 127, 128, 253-254, 274,
275
models of — see Model names
patterns — see Observed patterns;
Simulated patterns
processes — see Infiltration excess runoff;
Saturation excess runoff; Subsurface
stormflow; Groundwater; Overland
flow; Channel flow; Variable source
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routing 64-65, 152, 223
variability of 138-140, 138, 156, 253-254,
261
Runon infiltration 10, 220, 221

Sampling design 11, 17-18, 21-22, 24-25,
45-50, 168-170, 177, 211-213, 242
SAR (Synthetic Aperture Radar) 24, 188,
194-197, 341-342
Satellite — see Remote sensing
Saturated area — see Observed patterns;
Simulated patterns
Saturation deficit
of atmosphere 106
of soil 151, 213, 238, 239, 281
Saturation excess runoff 9, 40, 69, 209, 221,
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211, 212, 212
invariance 83
of evaporation 116
of groundwater flow 315
of measurement 11, 18-22, 21, 27, 46,
211-212, 228, 341, 347
of precipitation 9, 10, 40, 85, 90-91, 91,
100, 100, 133, 163-164
of processes (general) 9, 10, 46, 157, 164,
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of runoff 10, 156
of soil moisture 136, 245
see also Digital elevation models;
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Modelling; Parameters; Remote
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triplet 18-22, 19, 27, 46, 6263, 211
Scaling exponent 87, 98, 99
Semi-arid catchments 111, 125-127, 157
Sensible heat 108, 109, 159, 163
Sensitivity analysis 77, 143, 154-156, 154,
155, 182-184, 260, 315-321, 339
Sequential Gaussian simulation
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Sequential indicator simulation
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SHE 11
Sheetflow 59, 67-68, 70
see also Overland flow
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Similarity theory — see MOS
Simulated patterns 357-359
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piezometric surface 292, 295
precipitation 93, 95, 95, 142
recharge/discharge 315-321, 316-318,
322-323
runoff 264-268, 266
saturated source areas 60, 195, 198-206,
203, 206
snow 171-175, 172, 175, 183
soil moisture 41-45, 143-144, 144,
148-149, 150, 227-238, 231, 236,
240-246
Sky view factor (radiation) 160-161
Sloughing (snow) 164
Smith and Parlange equation (infiltration)
151
Smoothing 19, 20, 31, 41-43, 42, 49, 79,
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Snow
accumulation 159, 163-164, 178
course 24, 170
density 177, 178, 180
drift 167, 179, 182-184
drift factor 167, 171, 173, 181, 182
melt 11, 159, 162, 165, 312
models of 164-166, 170-171, 178-181
patterns — see Observed patterns;
Simulated patterns
redistribution 11, 163-164
stakes 168
tubes 177
vegetation effects 162, 163, 164, 167
water equivalent 167, 177, 183
wind effects 11, 162-163, 164, 167, 173,
178, 179
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bulk density 134, 225-226
depth 193, 213-215, 227, 235-237,
250-252, 260, 277, 278
heat flux 106, 107, 159
heterogeneity 25, 152, 247-248, 255, 260,
361-362
macropores 7-9, 8, 53, 69, 242, 255-256,
268, 270, 275
particle size distribution 41, 274
porosity 143, 225-226, 260, 281, 285, 289
structure 41, 215
texture 127, 143, 190, 193, 215, 250-252,
306, 312, 315, 316
water content — see Soil moisture
Soil moisture
measurement (ground based) 21, 23, 47,
134-138
see also Observed patterns
measurement (remote sensing) 21,
134-138, 144, 188, 213
patterns — see Observed patterns;
Simulated patterns
seasonality 7, 47, 49, 219, 230
storage 217, 226, 258-259, 282, 310-311
temporal evolution 49, 148, 189, 199-200,
217, 238, 239
topographic effects 7, 49, 218, 230-238
Spacing (scale) 18-22, 27, 31, 34-35, 35
Specific humidity 107
Speckle filter (remote sensing) 197-198
SPI (Saturation Potential Index) 195,
199-200, 201
Splines 29, 30-31, 33, 36, 130-131, 230
Split sample testing 76, 152, 181-182, 340
Stability function (atmosphere) 110



Stanford watershed model 54
Statistical correction (data assimilation) 145
Statistical interpolation (SI) (data
assimilation) 146-147
see also Kriging
Stochastic models 54-55, 310-312, 324
Stochastic simulation (geostatistics) 37
Stomatal conductance 106-107, 114
Storage deficit 151, 213, 238, 239, 281
Storm — see Precipitation
Streamtube approach — see Contour-based
terrain representation
Structural analysis (geostatistics) 32-33
Sub-grid variability 67-70, 83, 92-93, 152, 166
Subsurface stormflow 53, 65, 222, 255-256
Super observations (data assimilation) 147
Support (scale) 18-22, 27, 31, 228
Surface runoff 12-14, 238-240
see also Overland flow
Surface temperature 106, 114, 118, 137, 162,
178-181
Surrogate data 18, 23-25, 40, 42, 44, 46,
307, 310, 332, 343, 365
pedo-transfer functions 4041, 144, 244,
316, 332, 343
SVAT (Soil vegetation atmosphere transfer)
models 118, 121

TAPES-C 224
TDAS (Terrain data acquisition system)
215, 216
TDR (Time Domain Reflectometry) 21, 21,
23-24, 48, 134, 215-217
Temperate catchments 9, 47, 187, 190, 213,
344
Terrain analysis
indices 25, 40, 43, 171, 223
see also Digital elevation models
see also Wetness index
Testing of models — see Model testing
Thales 221-223, 222
Thiessen method (interpolation) 29, 29, 43,
44, 343
TIN (Triangulated Irregular Network) 39,
56-59, 57, 58, 322
TOPLATS 141-144
TOPMODEL 59, 66, 280-283
TOPOG 249, 257-259
Topography
effects on backscattering (remote sensing)
188, 200-203
hydrological effects of 7-12, 25, 36, 40,
160-162, 173, 218, 274, 318

Index

relationship to soil properties 41, 203,
218, 253
representation of — see Digital elevation
models
shading by 10-11, 143, 160, 171, 181
Transmissivity
atmospheric 160, 181
hydraulic 273, 280-281, 284, 291
Trend 19, 20, 30, 133
Tropical catchments 249-254
Turbulent transport 106, 109-111, 163
Turning Bands Method (geostatistics) 37

UEB 178-181
Uncertainty 296-301
bounds 256-257, 298-301, 299, 300
GLUE 297-298
representation of 77-78
Unsaturated zone 305-306, 311
Upscaling 93, 167, 341
see also Aggregation
Upward approach to modelling 71-72

Vadose zone 305-306, 311
Validation — see Model testing
Vapour pressure 107
Variable source area 187, 188—189, 272
Variogram (geostatistics) 31-32, 32, 34, 136
Vegetation
effect on snow 162-163, 164, 167
heterogeneity 112-117, 122, 129
remote sensing of 115, 200, 203-204, 204
Verification — see Model testing
Vertical redistribution 64-65, 217, 305-306
VUTS 170-171

Water content — see Soil moisture
Water table 215, 272, 274; see also Depth to
water table
patterns — see Observer patterns;
Simulated patterns
Wavelet transform 85
Weighting function (data assimilation)
146-147
Wetness index 12-13, 187, 200
computation of 39-40, 57-59, 224,
275-277
quasi-dynamic 66
steady state 40, 43, 59, 70, 144, 144,
272-273, 280
Wind
drift factors 167, 171, 173, 181, 182
effect on evaporation 106, 115

403



404  Index

Wind (cont.) Zero plane displacement (atmospheric
effect on precipitation 133 boundary layer) 115
effect on snow patterns 11, 162-163, 164,
167, 173, 178, 179



