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Small Catchments

� investigation of hydrological and 
biochemical processes

� effect of experimental 
manipulations on nutrient cycle

� identification of long-term 
changes

Precipitation

Runoff

quantification of solute 
flux in runoff



Overview

� Site / temporal variability
� Strategies
� Comparison of strategies
� I) electrical conductivity measurements
� II) parallel sampling



Site descriptions

� climate
� average air temperatur 6 °C

� annual precipitation 2300 mm
� snow cover Dec. - April

� Alptal (SZ)
� altitude 1000-1600 m a.s.l.

� partially forested, extensive 
agriculture(meadow,paste)

� geological underground:

� Flysch, calcareous 
stones

� relatively impermeable

� Erlenbach
(0.64 km2)

� Nitrex sub-catchment 
(0.0016 km2)

Andelfingen, NADUF
(1700 km2)



Variability - Catchment size 1696 km2

0.64 km2
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Relation between concentration and runoff

� weathering and dilution by precipitation or snow melt

� mobilisation of nutrient pools (high discharge events)
� groundwater storage

Nitrat
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   Calcium
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Runoff measurement and sampling� runoff  measurement
� instantaneous: e.g. salt-dilution method

� continuous recording: gauge, data-logger

� sampling
� fixed-time: 

manual, auto-sampler, on-line analyses

� frequency-proportional: 
gauge, control unit, sub-samples
(e.g. every 0.1 mm specific runoff)

� peak

� pooling for chem. analyses
� normal pooling
� runoff volume proportional pooling

sub-sample

pooled-samplegauge



Integration schemes

Integration schemes
� volume proportional integration of samples:

instantaneous or average runoff volume

� regression methods:
continuous measurement of runoff (Q)
correlation between concentration (C) and runoff

� 1. Regression --> coefficients for C(Q): 
log-linear: C=a +     log(Q)                     + f(t)

log-quadratic: C=a + b1 log(Q) + b2 log(Q)2 + f(t)
log-log: C=a + b  log(Q)                     + f(t)

seasonality  term : f(t) = � cx cos(x t) + dx sin(xt)  (x=1..3)

� 2. Calculation of C(Q) for Q time series.

� 3. Integration
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I. Simulation strategies with electrical conductivity (EC) 

� Time series, 1995-1997: Erlenbach, Nitrex of 
� electrical conductivity every 10 min

� runoff every 10 min

� electr. conductivity (EC) proportional to concentrations,

EC = � bi * Ci 

� Correction for high concentrations (Laxxen, 1975): 
-0.1 to -13 % 

� acid base reactions:
pH ~ 8: [H+] and [OH-] small.

� EC can be integrated the same way as concentration 
are integrated to fluxes. 

� ‘true’-values: integration of EC, runoff every 10 min
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Fixed-time sampling: 3 samples / day, pooled weekly
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� bias (overestimation), residual error



Volume proportional sampling: 3 samples / day, pooled 
weekly proportional to instantaneous discharge
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Frequency-proportional sampling (sample / 1 mm)
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Peak sampling, pooled weekly
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Regression: log-linear, from weekly grab samples
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I. Simulation with continuous EC 1995 - 1997
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II. Simulation strategies with electrical conductivity (EC) 

� Time series, 1983 - 1997: Erlenbach of 
� runoff measurement every 10 min

� grab samples weekly
� frequency-prop. samples weekly

� ‘true’-values: integration frequency prorportional 
samples



Weekly parallel sampling 1983 - 1997
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Weekly parallel sampling 1983 - 1997

Calcium load [kg/ha]

average Q
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Weekly parallel sampling 1983 - 1997

Calcium [mg/l]
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Weekly parallel sampling 1983 - 1997

Sulfate [mg/l]
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Weekly parallel sampling 1983 - 1997

Nitrate-N [mg/l]
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Weekly parallel sampling 1983 - 1997
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Conclusions

� In small catchments discharge is highly variable

� Flux estimates from grab sample are biased

� The following strategies give better flux estimates, but no 
strategy can be considered as precise and a priori accurate:

� peak sampling
� peak and grap sampling

� regression methods 

� Fluxes of solutes , substantially influenced by nutrient cycles 
are especially difficult to estimate. 

� Only flow-proportional sampling schemes allow  
essentially unbiased flux estimates without requiring 
chemical analyses of too many samples 
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