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Abstract

Regional mass flux balancing provides essential information to assess the sustainability

of current land use in agroecosystems and supports suitable preventive strategies against

accumulation of contaminants in agricultural soils. To undertake preventive measures,

however, reliability and accuracy of the flux balances have to be known. Consequently,

realistic modelling of contaminant fluxes requires development of reliable mass flux

assessment methods and simulation procedures that account for parameter uncertainty.

The main subject of this thesis was to develop a stochastic framework for modelling

heavy-metal balances in agricultural soils, to quantify the influence of uncertain

variables to the total variation of model results.

We developed an stochastic balance model, PROTERRA-S that is based on the

empirical model PROTERRA developed for the assessment of P, Cd, Zn, Cu, and Pb

balances in regional agroecosystems of about 100 km2. The stochastic model considers

metal inputs by atmospheric deposition, inputs through animal manure, sewage sludge,

commercial fertilizer and pesticides, and metal outputs by crop harvest and leaching.

The basic units of the balances are user-classified land use systems defined by farm

types, and cultivated crops. To consider fertilization characteristics, metal inputs

through fertilizer are coupled with the P fertilization plans of the land use systems. The

model can make use of available regional agricultural databases, and estimates temporal

average balances for five-year periods. Uncertain model input parameters can be treated

as random variables, quantified with probability distributions and propagated to model

outputs using a Latin Hypercube sampling scheme considering correlations among

variables. All model components were programmed in MATLAB, version 5.3.

In a case study, we tested the model and assessed the P, Cd and Zn balances and

their uncertainties for the Sundgau, a rural region in northwestern Switzerland covering

36 km2 agricultural land distributed among 201 farms. The data used are valid for the

period 1992-97. P characteristics varied largely between the farm types, primarily in

response to different manure quantities. Balance estimates show an accumulation of

metals in soils of arable farm types (Cd: 1.0 - 2.3 g ha-1 yr-1, Zn: 101 - 260 g ha-1 yr-1),

of dairy and mixed farm types (Cd: 0.6 - 2.0 g ha-1 yr-1, Zn: 349 - 3360 g ha-1 yr-1), and



of animal husbandry farm types (Cd: 9.1 - 17.8 g ha-1 yr-1 , Zn: 17.9 - 39.8 kg ha-1 yr-1 ),

although metal concentrations of atmospheric deposition and fertilizers have been

reduced significantly in the last decade in Switzerland. Comparison of model results for

the farm types with reported metal balances of experimental farms shows, that

identification of agricultural land with high risks of heavy-metal accumulation benefits

from stratification of heavy-metal balances according to land use systems while

accounting for their P fertilization plans.

Propagation of uncertainty in model input parameters led to large variations of

the calculated net element fluxes, where the standard deviations were in the same order

of magnitude as their average values. Informational uncertainties were large for the

cadmium and zinc balances, indicating that significant reduction could be achieved by

further detailed investigations. Uncertainty analysis for different correlation structures

among random variables revealed that the analysis will lead to delusive results, when

dependencies among random variables are neglected.

To sum up, PROTERRA-S provides an efficient tool to design and monitor

preventive strategies as it takes sufficiently account of regional agricultural

characteristics, soil conditions and P fertilization management. It is particularly suited to

be used as a regional consulting tool (i) to identify the areas with the highest metal

accumulation risk; (ii) to assess the uncertainty in metal balances and to reduce the

uncertainty in balances by further investigations determining highly sensitive

parameters more accurately; (iii) to evaluate the effect of preventive strategies against

metal enrichment in soil, i.e. calculation of scenarios, such as the influence of

improving fertilization management or changes in crop and livestock production on the

heavy-metal cycles, for example, and (iv) to derive critical metal inputs to prevent

harmful effects on soil fertility and crop quality. Consequently, the model may support

sustainable management of regional heavy-metal cycles in agricultural soils.


