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similarity concepts. The main difference to the modelling point of view is that dimensional analysis and 
similarity concepts deal with complex processes in a much simpler fashion. This section also briefly dis- 
cusses fractals, which are a popular tool for quantifying variability across scales. The fifth section focuses 
on one particular aspect of this holistic view discussing stream network analysis. The paper concludes with 
identifying key issues and gives some directions for future research. 

THE NOTION OF SCALES AND DEFINITIONS 

Hydrological processes at a range of scales 
Hydrological processes occur at a wide range of scales, from unsaturated flow in a 1 m soil profile to 

floods in river systems of a million square kilometres; from flashfloods of several minutes duration to 
flow in aquifers over hundreds of years. Hydrological processes span about eight orders of magnitude in 
space and time (KlemeS, 1983). 

Figure 2 attempts a classification of hydrological processes according to typical length and time scales. 
Shaded regions show characteristic time-length combinations of hydrological activity (variability). This 
type of diagram was first introduced by Stommel (1963) for characterizing ocean dynamics and was later 
adopted by Fortak (1982) to atmospheric processes. Since then it has been widely used in the atmospheric 
sciences (e.g. Smagorinsky, 1974; Fortak, 1982). The shaded regions in Figure 2 can be thought of as 
regions of spectral power (in space and time) above a certain threshold. Stommel (1963: 572) noted, ‘It 
is convenient to depict these different components of the spectral distribution of sea levels on a diagram 
(Stommel’s Figure 1) in which the abscissa is the logarithm of period, P in seconds, and the ordinate 
is the logarithm of horizontal scale, L in centimeters. If we knew enough we could plot the spectral 

Figure 2. Hydrological processes at a range of characteristic space-time scales. Based on Orlanski (1975), Dunne (1978), Fortak (1982) 
and Anderson and Burt (1990) with additional information from the authors 
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similarity concepts. The main difference to the modelling point of view is that dimensional analysis and 
similarity concepts deal with complex processes in a much simpler fashion. This section also briefly dis- 
cusses fractals, which are a popular tool for quantifying variability across scales. The fifth section focuses 
on one particular aspect of this holistic view discussing stream network analysis. The paper concludes with 
identifying key issues and gives some directions for future research. 
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floods in river systems of a million square kilometres; from flashfloods of several minutes duration to 
flow in aquifers over hundreds of years. Hydrological processes span about eight orders of magnitude in 
space and time (KlemeS, 1983). 

Figure 2 attempts a classification of hydrological processes according to typical length and time scales. 
Shaded regions show characteristic time-length combinations of hydrological activity (variability). This 
type of diagram was first introduced by Stommel (1963) for characterizing ocean dynamics and was later 
adopted by Fortak (1982) to atmospheric processes. Since then it has been widely used in the atmospheric 
sciences (e.g. Smagorinsky, 1974; Fortak, 1982). The shaded regions in Figure 2 can be thought of as 
regions of spectral power (in space and time) above a certain threshold. Stommel (1963: 572) noted, ‘It 
is convenient to depict these different components of the spectral distribution of sea levels on a diagram 
(Stommel’s Figure 1) in which the abscissa is the logarithm of period, P in seconds, and the ordinate 
is the logarithm of horizontal scale, L in centimeters. If we knew enough we could plot the spectral 

Figure 2. Hydrological processes at a range of characteristic space-time scales. Based on Orlanski (1975), Dunne (1978), Fortak (1982) 
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Figure 7. a) Comparison between TDT weighted average water content and MCNPx modeled water content using observed 
spatially averaged profiles from 10, 20, 30, 50, and 70. b) Comparison between TDT weighted average water content and 
observed water content from cosmic-ray sensor. Note all data is averaged over 8 hours. 
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Figure 1. a) Location and sensitivity of cosmic-ray soil moisture probe at Santa Rita Experimental Range in Southern Arizona 
(31.9085oN 110.8394oW) and b) location of eighteen paired soil moisture profiles in open areas and below the canopy at 10, 
20, 30, 50, and 70 cm depths. Satellite image provided by Google Earth.    
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similarity concepts. The main difference to the modelling point of view is that dimensional analysis and 
similarity concepts deal with complex processes in a much simpler fashion. This section also briefly dis- 
cusses fractals, which are a popular tool for quantifying variability across scales. The fifth section focuses 
on one particular aspect of this holistic view discussing stream network analysis. The paper concludes with 
identifying key issues and gives some directions for future research. 

THE NOTION OF SCALES AND DEFINITIONS 

Hydrological processes at a range of scales 
Hydrological processes occur at a wide range of scales, from unsaturated flow in a 1 m soil profile to 

floods in river systems of a million square kilometres; from flashfloods of several minutes duration to 
flow in aquifers over hundreds of years. Hydrological processes span about eight orders of magnitude in 
space and time (KlemeS, 1983). 

Figure 2 attempts a classification of hydrological processes according to typical length and time scales. 
Shaded regions show characteristic time-length combinations of hydrological activity (variability). This 
type of diagram was first introduced by Stommel (1963) for characterizing ocean dynamics and was later 
adopted by Fortak (1982) to atmospheric processes. Since then it has been widely used in the atmospheric 
sciences (e.g. Smagorinsky, 1974; Fortak, 1982). The shaded regions in Figure 2 can be thought of as 
regions of spectral power (in space and time) above a certain threshold. Stommel (1963: 572) noted, ‘It 
is convenient to depict these different components of the spectral distribution of sea levels on a diagram 
(Stommel’s Figure 1) in which the abscissa is the logarithm of period, P in seconds, and the ordinate 
is the logarithm of horizontal scale, L in centimeters. If we knew enough we could plot the spectral 

Figure 2. Hydrological processes at a range of characteristic space-time scales. Based on Orlanski (1975), Dunne (1978), Fortak (1982) 
and Anderson and Burt (1990) with additional information from the authors 
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similarity concepts. The main difference to the modelling point of view is that dimensional analysis and 
similarity concepts deal with complex processes in a much simpler fashion. This section also briefly dis- 
cusses fractals, which are a popular tool for quantifying variability across scales. The fifth section focuses 
on one particular aspect of this holistic view discussing stream network analysis. The paper concludes with 
identifying key issues and gives some directions for future research. 
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floods in river systems of a million square kilometres; from flashfloods of several minutes duration to 
flow in aquifers over hundreds of years. Hydrological processes span about eight orders of magnitude in 
space and time (KlemeS, 1983). 

Figure 2 attempts a classification of hydrological processes according to typical length and time scales. 
Shaded regions show characteristic time-length combinations of hydrological activity (variability). This 
type of diagram was first introduced by Stommel (1963) for characterizing ocean dynamics and was later 
adopted by Fortak (1982) to atmospheric processes. Since then it has been widely used in the atmospheric 
sciences (e.g. Smagorinsky, 1974; Fortak, 1982). The shaded regions in Figure 2 can be thought of as 
regions of spectral power (in space and time) above a certain threshold. Stommel (1963: 572) noted, ‘It 
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Would	
  like	
  to	
  test	
  those	
  with	
  JULES	
  in	
  the	
  very	
  near	
  future!!!	
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