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Shallow groundwater that develops on hillslopes is the main compartment in headwater catchments for 
flow and solute transport to rivers, and therefore mainly determines the response time of the catchment 
to a reduction in nitrogen input (Molenat et al., 2008). As internal observations are not easy, a mean 
resident time (MRT) based on isotopic composition of stream water and determined by using lumped 
mixing models is often the only one indicator of the response time of the catchment. Many examples of 
such estimations are reported in the literature. Different approaches have been experimented on two 
intensive farming and subsurface dominant catchments located in Oceanic Western Europe (Kerbernez, 
Naizin, Brittany, France), headwater catchments included in the Observatory for Research on 
Environment AgrHyS (Agro-Hydro-System) and a part of the French Network of catchments for 
environmental research (SOERE RBV focused on the Critical Zone). These systems are strongly 
constrained by anthropogenic pressures (agriculture) and are characterized by a clear non-equilibrium 
status, i.e. a N concentrations in leaching different from those in groundwater. A network of 42 nested 
piezometers was installed along a 200 m hillslope allowing water sampling along two transects in the 
permanent water table as well as in what we call the “fluctuating zone”, characterized by seasonal 
alternance of saturated and unsaturated conditions. Water composition was monitored at high 
frequency (weekly). 
Five approaches have been developed on these sites: i) the spectral analysis of natural tracer 
concentration times series (Molénat et al., 1999), ii) the groundwater dating with the CFC SF6 and 
other dissolved atmospheric gases (Ayraud et al., 2009), iii) the numerical modelling of water and 
nitrate in the shallow groundwater (Molénat et al., 2002; Martin et al., 2006; Gascuel-Odoux et al., 
2010), iiii) the numerical modeling of agricultural practices, nitrogen soil transformation and transfer 
over the catchment with different scenario of agricultural practices and climatic conditions (Gascuel-
Odoux et al., 2010), v) observations of the variations in nitrate concentration in the shallow 
groundwater during the recharge processes (Legout et al., 2009; Rouxel et al., 2011). The spectral 
analysis consists in identifying the transfer function from the cross-analysis of time series of natural 
tracer concentrations in soil water drainage (or rainfall) and in stream water. The transfer function can 
be considered as the transit time distribution of the tracer. The spectral analysis requires time series two 
to three times longer than the mean transit time in the catchment. The principle of groundwater age 
dating with CFCs (chlorofluorocarbons), organic man-made compound, is to calculate the CFC 
atmospheric mixing ratio from the CFC concentration in groundwater in order to deduce the year the 
water was for the last time in equilibrium with atmosphere. Numerical modeling consists in building an 
aquifer flow model and in deriving flowpath and velocity from the flow model. Theoretically, 
numerical modeling allows estimating transit times as well as residence times within the catchment. It 
requires a fine characterization of the aquifer hydraulic properties, as well as of boundary conditions, 
which is absolutely difficult due to their high spatial variations. Numerical coupled models consist in 
aggregating information and models on climatic conditions, agricultural practices, soil and aquifer 
characteristics and processes, to study their potential effect on nitrate output. It requires holistic 
information on agro-hydrosystems. Observation of the variations in nitrate concentrations in the 
fluctuating zone and in the shallow groundwater, allow us to study the mixing processes, particularly 
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important in non-equilibrium status catchment, and the delay these processes imply on the response 
time of the catchment. 

These different approaches will be compared and their limit discussed. All approaches lead to the same 
conclusion: the transit time in small headwater catchments can be very long, exceeding one year. 
However the estimations of catchment residence and transit times are different depending on the 
approaches. The four first methods under-estimate the solute transit time, because under-estimating the 
solute mixing processes in groundwater. Instrumented observatories including spatial and temporal 
monitoring of the hillslope groundwater are required to understand the anthropogenic and
environmental processes and their interactions, to model and predict the effect and the response time of 
such systems under different constraints. Such methods do not take into account the social time 
required to modify the agricultural systems which only could be estimated by using observations on a 
large network of stream waters and agricultural systems.
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