Included within this edition are a series of seven articles written from the work of the FIFRA Environmental Model Validation Task Force (FEMVTF).  The work, designed to build regulatory confidence in the Pesticide Root Zone Model (PRZM) is the culmination of more than three years of effort performed by many scientists from industry, US EPA and academia.  The efforts of these dedicated individuals amount to a substantial addition to the literature regarding methods for appropriately using models, as well as methods for characterizing the accuracy or, the validity of those models.  Importantly, we now have a greatly improved understanding of the strengths and weaknesses of this important regulatory model that is used for most higher tier regulatory risk assessments of pesticide risk.

Increasingly, multiparametric models are being employed in many fields to support decision making. For environmental fate and transport models such as PRZM, these decisions in many cases impact the health and welfare of the population and/or the environment.  In some instances decision makers assume that model output represents an environmental “bright-line” that describes reality.  All too often those not closely involved in the science fail to grasp that the model outcome is indeed an estimate and represents a ”single point” drawn from a wider distribution of potential environmental concentrations.  Meanwhile, others assume that models and their output will normally be “wrong” given the variability and uncertainty associated with the natural systems they are simulating.  In reality, regulatory scientists have to have a good understanding of both these points of view when considering how best to use model output in a regulatory context.  The FEMVTF was set up to examine these issues in order to allow all stakeholders and the public have more confidence that they understood the implications of using this particular model. 

Attempting to validate environmental models by necessity entails accounting for input uncertainty, the variability associated with the natural systems we are attempting to model and the presentation of a range of estimates or a distribution of model outcomes. 

The Pesticide Root Zone Model (PRZM) version 3.12 was used in this exercise and three key areas were considered; input and modeler related uncertainty and variability, model algorithm related issues and the use of the results in the context of the range of distribtuition expected in the field .  Several of the articles (Jones and Singh; Russell and Jones) compared model outcomes versus measured runoff or leaching data.  The comparisons were made employing three levels of analysis.  The first level compared model outcomes versus measured data where no site-specific information with the exception of measured weather data were employed.  This analysis was conducted to provide insight into the representativeness of US EPA Tier 2 regulatory model guidance.  The second level entailed the use of all available site-specific measured data including site-specific weather, soil, hydrologic and chemical data.  Finally the third tier of the analysis incorporated the use of calibrated inputs where field study results were used to refine the parameterization of the model.  Chemical input parameters such as hydrology, degradation rates and adsorption/desorption coefficients were calibrated versus measured site-specific data to provide improved correlation between model outcomes and measured data.  Comparison of model outcomes and measured data was accomplished via graphical analysis as well as summary statistics reflecting pesticide concentration in the soluble and adsorbed fraction of runoff.  For the leaching analyses, summary statistics were compared for the soluble fraction in soil pore water and that adsorbed within the soil core.  

The model sensitivity article authored by Wolt et al. focused on defining the PRZM3.12 input parameters that exerted the greatest influence on model outcomes.  The statistical approach designed by Plackett and Burman was used to formally define those model inputs that are most influential with regard to model outcomes.  The formal definition of these critical inputs allows modelers/risk assessors to focus attention and resources on those model input parameters, which are most influential with regard to the outcome of the risk assessment and ultimately the decisions of risk, managers.  In addition, the sensitivity analysis was employed to form the basis for the ensuing uncertainty analysis.

Finally, three articles in the series provide an approach for utilizing uncertainty analysis utilizing Monte Carlo techniques to characterize model accuracy.  The article by Havens, et al. describes the development of and software processes utilized for the uncertainty analysis of the PRZM3.12 model.  Warren-Hicks et al. discuss the statistical underpinnings of the uncertainty analysis.  The article provides a well-defined, concise roadmap for correctly performing uncertainty analysis.  Finally the article authored by Carbone et al. provide the results of the uncertainty analysis where selected runoff and leaching data sets were modeled and compared to measured data.  Sensitive inputs as defined by Wolt et al. were subject to uncertainty analysis the results of which demonstrate the feasibility and utility of evaluating the effects of model input uncertainty on PRZM3.12 outcomes.  In general, when model input uncertainty was accounted for, the correlation of model outcome distributions and measured data was well correlated.  

In addition to the important scientific findings, there were some somewhat unexpected pieces of learning from the program.  Firstly, one of the biggest variables in modeling is the modeler him/herself!  Given the complexity of today’s models and the numbers of inputs, it became apparent that very clear guidance on selection of inputs is critical.  As a result, the recent development of “model shells” that simplify the process of selecting and documenting inputs and model-run parameters is proving successful at reducing this slightly unexpected source of uncertainty.  

Secondly, there is often a simplistic assumption that the modeler has to “fit” the model output to a series of field measurements.  In fact, the modeler has to realize that the field monitoring values used to calibrate the model output are also merely another “snapshot of reality” from one point in space at one “event” after one particular combination of antecedent conditions and that there may be a potentially large local spatial variation.  Hence we must bear in mind that obtaining agreement of model output with monitoring data is more a feature of aligning two distributions of values and their associated uncertainties in terms of predictions in time and magnitude rather than the currently perceived simple “calibration” of model output to “the field value”.  This can be even more significant if the field values are measured under somewhat extreme combinations of environmental parameters such as often happens in regulatory studies since certain parameters may become more sensitive towards the ends of the distributions.

Taken in total, the papers illustrating the results of the FEMVTF, help us to understand the capabilities of the PRZM model as a regulatory tool for predicting potential environmental  transport of pesticides.  The work demonstrates the utility of the model in the context of the hierarchal structure of regulatory modeling, i.e. starting with protective and conservative assumptions and then increasing the complexity of model inputs, scenarios and refinement as it becomes apparent that more detail is needed to properly evaluate an issue.  In addition the work provides a solid framework that modelers can employ to evaluate the impact of uncertainties associated model input and the variability associated with the natural world.  
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