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Persistency of potential water repellency was found to be 
strong to extreme for the upper horizon. Hydrophobicity 
has also been observed in Chilean young volcanic ash soils 
by other researchers (Bachmann et aI., 2000; Ellies, 1975) 
and is also of importance in volcanic ash soils of Ecuador 
(Poulenard et aI. , 2004). In addition, differences in flow pat­
terns from dry to wet period were found in the Malalcahuello 
Catchment during a more extensive study involving a total of 
10 dye tracer experiments (Blume et aI., 2008b). The change 
in flow pattern observed in this study further supports the 
theory that preferential flow in this catchment is reinforced 
by hydrophobicity (application intensities were the same for 
dry and wet season experiments). Similar flow patterns also 
attributed to hydrophobicity were observed in other studies 
(Ritsema and Dekker, 2000; Ritsema et aI. , 1998; Ritsema 
and Dekker, 1994; Dekker and Ritsema, 2000; de Rooij , 
2000). The fact that throughfall amounts are highly heteroge­
nous in this catchment (Blume et aI. , 2008a) is likely to be the 
reason why some locations (probably on the decimeter scale) 
are drier than others and thus more likely to develop water 
repellency. Spots of high water input are therefore likely to 
become preferential flow paths. These observed patterns in 
dynamics were found to be spatially and temporally persis­
tent insofar as the event pattern dynamics of soil moisture 
observed in Fall 2005 (Fig. 7) matched well with the flow pat­
terns found during the dye tracer experiments one year later. 
The persistency of the spatial patterns of soil moisture for 14 
locations and 6 depths (Fig. 4) shows that spatial variability 
is much higher than temporal variability and that wetter lo­
cations are likely to remain wet. Furthermore the patterns of 
soil moisture variability at the decimeter scale, which were 
attributed to the presence/absence of preferential flow paths, 
were also found to be persistent over a period of more than 
one and a half years. The stationarity of these flow patterns 
is another indicator that steady state conditions prevail in this 
catchment. 

Hydrophobicity is the most likely explanation for the flow 
patterns found here. However, the effects of hydrophobicity 
are probably aggravated by root channels, strong gradients in 
matric potential and the hysteresis of the soil moisture char­
acteristic curves of volcanic ash soils as described by Shoji 
et aI. (1993). 

The last and maybe most important question is the ques­
tion of how important this locally observed preferential flow 
is for the system as a whole, i.e. runoff response/runoff gen­
eration at the catchment scale. 

The small response of soil moisture dynamics to pertur­
bations as well as persistency/stationarity of flow paths cor­
roborate our perception that this undisturbed, forested catch­
ment is at or close to steady state, i.e. a dynamic equilibrium. 
This perception was originally based on integral observations 
such as the fact that we observe high annual runoff and a high 
baseflow index, while event runoff coefficients are low, and 
has now been corroborated by internal observations, e.g. soil 
moisture response and flow patterns. Efficient water trans-
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port, as observed locally, therefore would indeed have an ef­
fect at the catchment scale. 

Several additional findings indicate that while preferential 
flow was only observed at the plot scale it might indeed be an 
important factor of runoff generation at the catchment scale. 
That preferential flow occurs throughout the catchment is in­
dicated by the fact that additionally to the three tracer experi­
ments shown in this study all 9 dye tracer experiments carried 
out under forest at various locations in the catchment showed 
preferential flow patterns (Blume et aI. , 2008b). The fact 
that 68% of the sensors at the 11 manual measurement points 
showed small scale soil moisture variability is another indi­
cator for the importance of these preferential flow paths. Last 
but not least the analysis of response times for soil moisture, 
groundwater and streamflow reveiled that response lags are 
generally much shorter during the summer months were pref­
erential flow is also likely to be further enforced by stronger 
hydrophobicity. Interestingly streamflow often shows faster 
response than both ground water and soil water. This might 
be due to non-uniform rainfall distribution (i.e. earlier onset 
of rainfall further up in the catchment causing stream levels 
to respond while soil moisture at the slope close to the catch­
ment outlet remained unchanged). However, as soil mois­
ture response measurements are restricted to only three lo­
cations it is also likely that there are other preferential flow 
paths with even faster response than the ones measured by 
our instruments. In this case preferential flow in the verti­
cal and then a fast reaction along a horizontal layer interface 
might be the reason for the short response lags of stream­
flow found in this catchment. (Finger flow is known to cause 
faster breakthrough as investigated by de Rooij and deVries 
(1996) in a modelling study.) The question whether or not 
these preferential flow processes are important for catchment 
response could be investigated further by application of a 
physically based hydrological model either on the hillslope 
or on the catchment scale. 

To summarize the main conclusions in short: 

1. the synergy of soil moisture datasets with different 
spatio-temporal resolution proved to be useful for the 
investigation of subsurface flow processes. Continu­
ously monitored rainfall experiments at the location of 
the moisture probes with subsequent excavation of dye 
stained soil profiles facilitated testing/corroboration of 
the perception of subsurface flow gained from the mois­
ture patterns. 

2. data-visualization with space-time colour maps permits 
a much more detailed analysis of soil moisture response 
than simple line plots alone 

3. soil moisturelftow patterns in the here investigated 
young volcanic ash soils were shown to be persistent 
in time and highly variable in space 

4. the most likely explanation for the observed flow pat­
terns is a combination of hydrophobicity with strong 
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gradients in unsaturated conductivities, where flow 
paths are initiated either by the presence of roots or 
the highly heterogeneous distribution of throughfall and 
thus water input 

5. this soil moisture data set has provided us with inter­
nal observations corroborating our perception that the 
catchment is at or close to steady state/dynamic equi­
librium, which was originally based on integral data, 
mainly rainfall and runoff time series. 

6. the flow patterns observed at the local scale are likely to 
be important for runoff response at the catchment scale. 
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