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Hydrogeomorphology is fundamentally a branch of geomorphology concerned with the 

hydrologic basis of some landfonn evolution. It recognizes that over a large part of Earth's surface, 

the transport and redistribution of rock waste that are responsible for the evolution of both 

erosional and depositionallandfonns are driven by hydrologic processes. 

The presence of water in Earth materials weakens them and renders them susceptible to 

collapse or erosion (Yatsu, 1988; Selby, 1993), and the pore-pressure fields within them at critical 

times affect their collapse and their mobility (Iverson and Major, 1986, 1987). The formation of 

channel networks that must incise Earth's crust in order to drive landfonn evolution (Okunishi, 

1974; Dunne, 1980, 1990) is also driven by a set of runoff generation processes with flow 

magnitudes and stress-inducing characteristics that require hydrologic study. Erosion by surface 

water is yet another process of landfonn evolution that has required geomorphologists to spend 

considerable effort in defining aspects of hillslope surface runoff (Dunne and Dietrich, 1980; 

Abrahams and Parsons, 1992; Dunne et at., 1991). In alluvial geomorphology, the need to connect 

river flows, and therefore basin hydrologic conditions, to sediment fluxes (Koltennann and Gorelick, 

1992) or to the scales of channel features (Leopold et at., 1964) is well documented. 

Thus, a quantitative theory of landfonn evolution in geologic and climatic context requires 

that the storage and flux rates of water, its flow paths and pressure fields be quantitatively related to 

their controls: climate, rock properties, and topographic and stratigraphic boundary conditions. 

Without such a theory, or a connected set of theories, it is difficult to analyze the simultaneous 

effects of many controlling variables with nonlinear interactions, or to extrapolate beyond the 

empirical record of geomorphic events (be they landscape-deranging landslides or the gradual 

evolution of erosion surfaces punctuated by tectonic defonnation or climatic change). 

In the absence of a coherent body of quantitative theory, some geomorphologists have 

developed useful concepts that summarize many geomorphic interactions qualitatively in a fonn that 
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allows much progress to be made in the interpretation of field relations. Examples include the 

"complex response" concept (Schumm, 1977), and "geomorphic thresholds" (Bull, 1991). These 

concepts provide a type of "short-hand" level of explanation that allows parts of a geomorphic field 

problem to be isolated or analyzed in an ordered sequence of steps, but in many cases they also 

highlight the need for a more quantitative definition of the force and resistance aspects of 

geomorphic proccsses that arc frequently controlled by hydrology. 

Acceptance of the need to incorporate more hydrologic analysis into geomorphological 

interpretation has certain stimulating effects on geomorphological studies, not all of which have 

been fully taken advantage of. For example, in hydrology there is clear acknowledgment of the need 

for precise field measurements of the status of water and of the Earth-material properties that 

influence it, and of the need to interpret such measurements in fluid mechanical terms. Equally 

sophisticated field measurements and interpretation penetrate geomorphology rather slowly, and 

much remains to be done in making geomorphologicaIIy significant measurements of critical 

material properties, fluid stresses, and sediment fluxes at levels of precision that are adequate for 

testing theories about process mechanics (Dietrich and Gallinatti, 1991). Hydrologists have made 

considerable progress in quantifying and analyzing the nature and hydrological role of spatial 

heterogeneity in Earth materials (Delhomme, 1979; Freeze, 1980), and geomorphologists need to 

confront the same problem, not only in hydrologic properties but in those geological characteristics 

that determine resistance to mobilization (Yatsu, 1966; 1988) Hydrology also provides 

geomorphologists with some suggestions for transcending the problem of temporal scale in 

extrapolating from short-term measurements to the longer time scale of landform evolution through 

probability analysis and stochastic modeling to provide the "long-term sediment transport equations" 

that are implied in the sediment flux term in Okunishi's (1994) equation (l). However, as Okunishi 

(1994) discusses, this problem of extension of geomorphic process understanding to the time scale 

required for significant redistribution of mass in landform evolution remains a difficult one, and it 

will require taking advantage of the rapidly expanding array of techniques in geochronology for 

dating geomorphic surfaces and materials over age ranges of millions of years. 

Quantifying relationships between landform evolution and hydrologic processes in the manner 

illustrated by hydrogeomorphological studies has a reciprocal benefit for hydrology. It provides 

understanding and information useful to hydrologists trying to predict various aspects of surface 

hydrology The interests of some geomorphologists in runoff generating mechanisms and flow 

paths were reflected in the volume edited by Kirkby (1978) and contributed to the development of 

process hydrology, some of which is reflected in the current volume. The requirement of 

hydrogeomorphologists for a method of predicting hillslope pore pressures that acknowledged the 
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role of hillslope topography in localizing landslides led to another geomorphological contribution to 

hydrology (Iida, 1984; Dietrich et aI., 1986). Geomorphic insights (Kirkby and Chorley, 1967) led 

to the development of TOPMODEL (Beven and Kirkby, 1979), which is now widely used by 

hydrologists for catchment-scale predictions of runoff and soil-moisture distribution (e.g. Wood et 

al., 1991). The influence of channel network structure on the shapes of hydro graphs (Surkan, 1969; 

Kirkby, 1976; Rodriguez-Iturbe and Valdes, 1979; Gupta et ai., 1980; Beven and kirkby, 1993) is 

yet another aspect of the increasingly widespread recognition that topography is a major hydrologic 

factor. Interestingly, the role of floodplains of various types and scales in modulating flood waves, 

sedimentation patterns, and therefore floodplain formation itself, seems ripc for coordinated 

hydrogeomorphological investigations, but they remain to be done. 

Thus it seems inevitable that some hydrologists and some geomorphologists will continue to 

need to learn more about each other's science, and will make contributions across the traditional 

disciplinary boundary, particularly as hydrology expands its focus to include more general Earth

science issues as well as engineering (National Research Council, 1991). This natural evolution can 

be fostered through the definition and refinement of common interests and goals under the title of 

Hydrogeomorphology, and the Workshop in which the following papers were offered represented 

one part of such an effort, which continues to be an vigorous activity within the Japanese 

Geomorphological Union. 

References Cited 

Abrahams, AD. and Parsons. A.J. (eds.) (1992) Overland Flow: Hydraulics and Erosion Mechanics, 
Chapman and Hall, Inc., New York, 450 p. 

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

Beven, K. and Kirkby, M.J. (eds.) (1993) Channel Network Hydrology, John Wiley and Sons, Chichester, 
U.K., 319 p. 

Bull, W.B. (1991) Geomorphic response to climatic change, Oxford University Press, Oxford, 326 p. 
Delhomme, J.P. (1979) Spatial variability and uncertainty in groundwater flow, a geostatistical approach: 

Water Resour. Res., 15,269-280. 
Dietrich, W.E.and Gallinatti, J.D. (1991) Fluvial geomorphology; In: O. Slaymaker (ed.) Field 


Experiments and Measurement Programs In Geomorphology, AA BaJkema, Rotterdam, 169-229 

Dietrich, W.E., Wilson. C.J., and Reneau, S.L. (1986) Hollows, colluvium, and landslides in soil-mantled 


landscapes: In: Abrahams, AD. (ed.) Hills/ope Processes, Allen and Unwin, London. 361-388. 
Dunne, T. (1980) Formation and controls of channels: Progress in Physical Geography, 4, 212-239. 
Dunne, T. (1990) Hydrology, mechanics, and geomorphic implications of erosion by subsurface flow: In 

Higgins. C.G. and Coates, D.R. (eds.) Groundwater Geomorphology, Geological Society of America 
Special Paper 252, 1-28. 

Dunne, T. and Dietrich, W.E. (1980) Experimental study of Horton overland flow on tropical hillslopes, II, 
Sheetflow hydraulics and hillslope hydrographs: Z. Geomorph. Supp\. Bd., 35, 60-80. 



4 T. DUNNE 

Dunne, T., Zhang, W. and B.F. Aubry (1991) Effects of rainfall, vegetation, and microtopography on 
infiltration and runoff: Water Resour. Res., 27, 2271-2285. 

Freeze, R.A. (1980) Stochastic-conceptual analysis of rainfall-runoff processes on a hillslope: Water Resour. 
Res., 16, 391-408. 

Gupta, V.K., Waymire, E., and Wang, C.T. (1980) A representation of an instantaneous unit hydrograph 
from geomorphology: Water Resources Research, 16, 855-862. 

lida, T. (1984) A hydrological method of estimation ofthe topographic effect on the saturated throughflow: 
Japanese Geomorph. Union Trans., 5, 1-12. 

Iverson, RM. and Major, IJ. (1986) Groundwater seepage vectors and the potential for hillslope failure 
and debris flow initiation: Water Resources Research, 22, 1543-1548. 

Iverson, RM. and Major. IJ. (1987) Rainfall, groundwater flow, and seasonal movement at Minor Creek 
landslide, northwestern California: Physical interpretation of empirical relations: Geophysical Society 
of America Bull., 99, 579-594. 

Kirkby, M.1. (1976) Tests of the random network model and its application to basin hydrology: Earth 
Surface Processes, 1, 197-212. 

Kirkby, M.1. (ed.) (1978) Hillslope Hydrology, John Wiley and Sons, Chichester, u.K., 389 p. 
Kirkby, M.J. and Chorlcy, RJ. (1967) Throughflow, overland flow and erosion: Bull. IntI. Assoc. Sci. 

Hydro!., 12,5-21. 
Koltermann, C. E. and Gorelick, S. M. (1992) Paleoclimatic signature in terrestrial flood deposits: Science, 

256,1775-1782. 
Leopold, L.B., Wolman, M.G., and Miller, J.P. (1964) Fluvial Processes in Geomorphology, W.H. 

Freeman Co., San Francisco, 504 p. 
National Research Council (1991) Opportunities in the Hydrological Sciences, National Academy Press, 

Washington, DC, 348 p. 
Okunishi, K. (1974) Characteristic erosional processes in granitic drainage basins as found in Tanakami 

Mountain Range, Shiga Prefecture, Japan: Bul!. Disaster Prevention Research Institute, Kyoto Univ., 
24,233-261. 

Okunishi, K. (1994) Concept and methodology in hydrogeomorphology, an introduction: Trans. Japanese 
Geomorph. Union, 15A, 1-14. 

Rodrigucz-Iturbe, I. and Valdes, J.B. (1979) The geomorphological structure of hydrologic response: Water 
Resour. Res., 15. 1409-1420. 

Schumm, SA (1977) The Fluvial System, John Wiley and Sons, New York, 338 p. 
Selby, M.1. (1993) Hillslope A1aterials and Processes, Oxford Univ. Press, Oxford, 451p. 
Surkan, A. J. (1969) Synthetic hydrographs: effects of network geometry: Water Resour. Res., 5, 112-128. 
Wood, E., Sivapalan, M., and Beven, K. (1991) Similarity and scale in catchment storm response, Rev. 

Geophys., 28, 1-18. 
Yatsu, E. (1966) Rock Control in Geomorphology, Sozosha, Tokyo, 135 p. 
Yatsu, E. (1988) The Nature o/Weathering, an Introduction, Sozosha, Tokyo, 604p. 


