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The following is  post-workshop extension of the efforts by John Parslow, Eduardo Marone and Stephen Smith to develop a simple process-based formulation for predicting load (initially of dissolved inorganic materials) from data in the LOICZ database. The workshop efforts involved regression analysis of DIP and DIN loads as functions of catchment area, crop area in the catchment, and runoff. The best results seemed to emerge from log-log regressions involving these variables. 

Moreover, in multiple regression analyses, population density seemed to have the best predictive power; the regression slopes for the other variables are not statistically significant (P = 0.05). This result has been obtained before (e.g., Peirls et al., 1991, Nature), for nitrate loading by rivers 


Two problems emerged during the analysis. Although log-log relations seemed both needed (because of the large span in the data) and most successful in terms of predictive power, it was agreed that there is no reason why the variables other than area should affect the load muliplicatively with one another. In particular, we expected the load to be a summation of simple functions of population and crop yield. 


Clearly, detailed models for catchment loading exist. We want a relatively simple model that can be defended on conceptual grounds and that can be applied to the global data set.


In thinking about the loading data, we suggest that the following general formulation be tried:


Loading = Production x Area(.


This would be solved as a logarithmic expression:

Log(loading) = log(production) + ( x log(Area).


Production will be the sum of major contributors to each material of interest. In the case of DIP and DIN (the major materials of interest here), the contributors we wish to consider immediately are: 

· human population in the watershed multiplied by some estimate of per capita N and P emissions;

· crop area multiplied by world fertilizer production of N and P and divided by world crop area;

· runoff multiplied by pristine water N and P composition.


It would also be desirable to have two other pieces of information; one, we believe, should be available, the other perhaps not. The first is atmospheric N deposition across the catchment, while the second is some estimate of animal agriculture. In any case, we suggest modifying the above equation to include a further multiplier that would “tune” the log(production) term to 0. Thus the selected equation form that we plan to investigate next is:

Log(loading) = [log(production) + tuning constant] + ( x log(Area),

where the term in [] sums to 0.


The coefficient ( represents an estimate of catchment area-specific assimilation efficiency. Preliminary analysis suggests that this is about 0.5 for DIP and DIN. We do not report these results in more detail, because of recognized problems with the data that we were using. This contrasts with studies of sediment production (by erosion) and yield, for which ( is typically above 0.7.

This brings up a second problem. Catchment area data are available for only a few of the sites. Initial analyses were performed with the “basin data” in the LOICZ database. Perhaps half the estimates for the individual basins for which we do have data look suspect. The catchment area that can be derived from the present 0.5 degree grid cell data will resolve the areas of the larger catchments—but many of the budgets (indeed, much of the coastal zone) have catchments that are not well approximated from the 0.5 degree cells. In some cases, the budget cells were joined to the incorrect basin typology cell. These problems for the basin area data carry over to the population and land use data, for which we have only the 0.5 degree cell data for most of the budget sites.


In order to get around this problem, we have used Arc View and the Hydro1K (5 arc seconds) global elevation data to estimate the catchment sizes for most of the budget cells directly. For a few sample cells, the results seemed more nearly correct than the estimates based on the 0.5 degree gridded data. We will now re-sample selected coverages by “cookie cutting” the available coverages with the estimated catchment polygons, rather than the grid. We will do this for population and land use, for the specific uses given above, and road density, as a possibly useful proxy of something like socioeconomic infrastructure in the watershed. We recognize that even the catchment polygons we have created from global maps will be crude in comparison to more carefully prepared data at the local scale. This will be especially problematic for very small catchments or ones with relatively low slope. We will therefore use available catchment area for the budgets for which it is available. We will then use density of the sampled coverages (population/area; land use/area; roads/area) multiplied by either the locally available catchment area (the preferred option) or the area determined from this global analysis.


This is work in progress. Once the database is modified to include the area by catchment and perhaps has nitrogen deposition added (and animal agriculture information if possible), the proposed analyses can be tried rather quickly.

