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Becker, A., Blöschl, G. and Hall, A. (1999). Land surface heterogeneity and scaling in hydrol-
ogy. J. Hydrology (special issue), 217(3–4).

Bergström, S. (1991). Principles and confidence in hydrological modelling. Nordic Hydrology,
22: 123–36.

Betson, R. P. (1964). What is watershed runoff? J. Geophys. Res., 69(8): 1541–52.
Betson, R. P. and Ardis, C. V. (1978). Implications for modelling surface-water hydrology.

Chapter 8 in: Kirkby, M. J. (Ed.), Hillslope Hydrology. Wiley, Chichester, pp.295–323.

Beven, K. J. (1986). Runoff production and flood frequency in catchments of order n: an
alternative approach. In: Gupta, V. K., Rodriguez-Iturbe, I. and Wood, E. F. (Eds),
Scale Problems in Hydrology. Reidel, Dordrecht, pp.107–31.

Beven, K. J. (1987). Towards a new paradigm in hydrology. In: Water for the future:
Hydrology in perspective. IAHS Publ. No. 164: 393–403.

Beven, K. (1989). Changing ideas in hydrology – the case of physically-based models. J.

Hydrology, 105: 157–72.
Beven, K. (1995). Linking parameters across scales: Subgrid parameterizations and scale

dependent hydrological models. Hydrological Processes, 9: 507–25.
Beven, K. J. (1996). A discussion of distributed hydrological modelling. In: Abbott, M. B. and

Refsgaard, J. C. (Eds), Distributed Hydrological Modelling, Kluwer, Dordrecht, The
Netherlands, pp. 255–78.

Beven, K. (1997). TOPMODEL: A critique. Hydrological Processes, 11: 1069–85.

Beven, K. J. and Binley, A. M. (1992). The future of distributed models: model calibration and
uncertainty prediction. Hydrological Processes, 6: 279–98.

Beven, K. J. and Fisher, J. (1996). Remote sensing and scaling in hydrology. In: Stewart, J. B.,

Engman, E. T., Feddes, R. A. and Kerr, Y. (Eds), Scaling up in Hydrology using Remote
Sensing. Wiley, London, pp.1–18.

Beven, K. J. and Kirkby, M. J. (1979). A physically-based, variable contributing area model of
basin hydrology. Hydrol. Sci. Bull., 24: 43–69.

Beven, K. J., Lamb, R., Quinn, P., Romanowicz, R. and Freer, J. (1995). TOPMODEL. In:
Singh, V. P. (Ed.), Computer Models of Watershed Hydrology. Water Resources
Publications, Highlands Ranch, Colorado, pp.627–68.

Beven, K. J. and Moore, I. D. (Eds) (1992). Terrain Analysis and Distributed Modelling in
Hydrology. Wiley, New York, 249pp.

370 References



Binley, A. M. and Beven, K. J. (1991). Physically-based modelling of catchment hydrology: a
likelihood approach to reducing predictive uncertainty. In: Farmer, D. G. and Rycroft, M.
J. (Eds), Computer Modelling in the Environmental Sciences, pp.75–88.

Binley, A., Beven, K. and Elgy, J. (1989). A physically based model of heterogeneous hill-
slopes. 2. Effective hydraulic conductivities. Water Resour. Res., 25: 1227–33.

Blackman, R. B. and Tukey, J. W. (1958). The Measurement of Power Spectra. Dover Publ.,

New York, 190pp.
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tions of a distributed model: The incorporation of fuzzy estimates of saturated areas into the

calibration process. Water Resour. Res., 34(4): 787–97.
Freer, J., Beven, K. and Ambroise, B. (1996). Bayesian-estimation of uncertainty in runoff

prediction and the value of data: An application of the GLUE approach. Water Resour.

Res., 32(7): 2161–73.
Freeze, R. A. (1971). Three-dimensional, transient, saturated-unsaturated flow in a ground-

water basin. Water Resour. Res., 7(2): 347–66.

Freeze, R. A. (1980). A stochastic-conceptual analysis of rainfall-runoff processes on a hill-
slope. Water Resour. Res., 16(2): 391–408.

Freeze, R. A. and Harlan, R. L. (1969). Blueprint for a physically-based, digitally simulated
hydrologic response model. J. Hydrology, 9: 237–58.

Freeze, R. A. and Witherspoon, P. A. (1966). Theoretical analysis of regional groundwater
flow: 1. Analytical and numerical solutions to the mathematical model. Water Resour. Res.,
2(4): 641–56.

Frew, J. E. (1990). The Image Processing Workbench, PhD Thesis, University of California,
Santa Barbara.

Friedl, M. A. (1997). Examining the effects of sensor resolution and sub-pixel heterogeneity on

spectral vegetation indices: Implications for biophysical modeling. In: Quattrochi, D. A. and
Goodchild, M. F. (Eds), Scale in Remote Sensing and GIS. CRC Lewis Pub., New York,
pp.113–39.

Fritsch, J. M., Houze, R. A. Jr., Adler, R., Bluestein, H., Bosart, L., Brown, J., Carr, F., Davis,

C., Johnson, R. H., Junker, N., Kuo, Y. H., Rutledge, S., Smith, J., Toth, Z., Wilson, J. W.,
Zipser, E. and Zrnic, D. (1998). Quantitative Precipitation Forecasting: Report of the Eight
Prospectus Development Team, U.S. Weather Research Program, Bull. Amer. Meteor. Soc.

Gardner, W. R. (1958). Some steady state solutions of the unsaturated moisture flow equation
with application to evaporation from a water table. Soil Science, 85(4): 228–32.

Garratt, J. R. (1978). Flux profile relations above tall vegetation. Quart. J. R. Meteorol. Soc.,

104: 199–211.

376 References



Garratt, J. R. (1980). Surface influences upon vertical profiles in the atmospheric near-surface
layer. Quart. J. R. Meteorol. Soc., 106: 803–19.

Garratt, M. J. and Spencer-Jones, D. (1981). Yan Yean Geological Map. Geological Survey of

Victoria, Melbourne.
Gelhar, L. W. (1993). Stochastic Subsurface Hydrology. Prentice Hall, Englewood Cliffs, NJ,

390pp.

Gelman, A., Carlin, J. B., Stren, H. S. and Rubin, D. B. (1997). Bayesian Data Analysis.
Chapman and Hall, p.526.

General Meteorological Package (GEMPAK) (1992). Version 5.1, Reference manual, Unidata

Program Center, UCAR, Boulder.
Gessler, P. E, Moore, I. D., McKenzie, N. J. and Ryan, P. J. (1995). Soil landscape modelling

and spatial prediction of soil attributes. Int. J. Geogr. Inf. Sys., 9(4): 421–32.
Ghan, S. J., Liljegren, J. C., Shaw, W. J., Hubbe, J. H. and Doran, J. C. (1997). Influence of

subgrid variability on surface hydrology. J. Climate, 10: 3157–66.
Gillies, R. R. and Carlson, T. N. (1995). Thermal remote sensing of surface soil water content

with partial vegetation cover for incorporation into climate models. J. Appl. Meteorol., 34:

745–56.
Gillies, R. R., Cui, J., Carlson, T. N., Kustas, W. P. and Humes, K. S. (1997). Verification of a

method for obtaining surface soil water content and energy fluxes from remote measure-

ments of NDVI and surface radiant temperature. Int. J. Remote Sens., 18: 3145–66.
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Coët-Dan catchment. Hydrological Processes, 12: 267–84.
Giorgi, F. and Avissar, R. (1997). Representation of heterogeneity effects in earth system

modeling: Experience from land surface modeling. Rev. Geophys., 35: 413–38.
Gomendy, V., Galhi, M., Western, A., Grayson, R. and White, R. (in preparation).

Description and spatial variability of a yellow Duplex and Grey massive earth soil topo-

sequence at the small catchment scale in Victoria.
Goodrich, D. C. (1990). Geometric simplification of a distributed rainfall-runoff model over a

range of basin scales. PhD Thesis, The University of Arizona, 361pp.

Goodrich, D. C., Faurés, J.-M., Woolhiser, D. A., Lane, L. J. and Sorooshian, S. (1995).
Measurement and analysis of small-scale convective storm rainfall variability. J. Hydrology,
173: 283–308.

Goodrich, D. C., Lane, L. J., Shillito, R. A., Miller, S. N., Syed, K. H. and Woolhiser, D. A.
(1997). Linearity of basin response as a function of scale in a semi-arid watershed. Water
Resour. Res. 33(12): 2951–65.

Goodrich, D. C., Schmugge, T. J., Jackson, T. J., Unkrich, C. L., Keefer, T. O., Parry, R.,

Bach, L. B. and Amer, S. A. (1994). Runoff simulation sensitivity to remotely sensed initial
soil water content. Water Resour. Res., 30(5): 1393–405.

Goodrich, D. C., Stone, J. J. and Van der Zweep, R. (1993). Validation Strategies Based on

Model Application Objectives. Proc. Fed. Interagency Workshop on Hydrologic Modelling
Demands for the 90’s, U.S.G.S. Water Resources Invest. Report 93-4018, Ft. Collins, CO,
June 7-9, pp.8-1–8-8.
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Sensitivity analysis 77, 143, 154–156, 154,

155, 182–184, 260, 315–321, 339

Sequential Gaussian simulation

(geostatistics) 37

Sequential indicator simulation

(geostatistics) 37

SHE 11

Sheetflow 59, 67–68, 70

see also Overland flow

Sill (geostatistics) 31–32, 32

Similarity theory – see MOS

Simulated patterns 357–359

evaporation 120, 120

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,

228, 232

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

Soil

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

402 Index



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 40–41, 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

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
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Wind (cont.)
effect on precipitation 133
effect on snow patterns 11, 162–163, 164,

167, 173, 178, 179

Zero plane displacement (atmospheric
boundary layer) 115
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