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1. Introduction.

Many environmental models have been developed for small spatial entities and demand very detailed input data. However land management and environmental policies demand models that predict and simulate erosion for larger area’s like catchments and agricultural regions for which no detailed data are available (e.g. CORINE, 1995). When running the existing models with the data available at these spatial scales the model output often contains more noise than significant information, because of the low resolution and low accuracy of the data. Furthermore, the error due to the use of low-resolution and low-precision data (LRLP-data) is very often not quantified. Because it is technical and financial impossible to acquire high-resolution high-precision (HRHP)-data, there is a strong need for techniques that allow to (i) apply environmental models at larger spatial entities using LRLP data and (ii) assess the error associated with such an application.

2. The aggregation technique

Model applications with LRLP-data are often compared with model applications with HRHP-data on a point basis (e.g. Jäger, 1994). In this case, the error on an output image based on LRLP-data is estimated by comparing it with a “reference” output based on HRHP-data. By means of a pixel-to-pixel comparison a scatterplot is made and correlation -and regression-parameters are calculated. 

This approach has disadvantages: LRLP-data cannot be expected to give good results for a given point or a small pixel, due to the effects of errors in the input. On the other hand, the error in the output image may be expected to diminish if results are aggregated over larger spatial units. However, aggregation will also lead to a loss of spatial resolution. In order to deal with this dilemma, a technique is proposed to determine the optimal spatial resolution of the model output. . 

The core of the aggregation technique is the assumption that the more pixels are aggregated the better the agreement will be between the LRLP-output and the HRHP reference-output.  The LRLP-output and the HRHP-output are compared for increasing aggregation levels by calculating the Relative Root Mean Square Error (RRMSE), which is calculated as:  
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(Formula 1)
The evolution of the relative RMSE can then be visualised by means of a “RRMSE-curve”. This principle is illustrated in Figure 1.
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Figure 1: Main idea of the aggregate-correlate strategy

The RRMSE-curve may now be used to determine the optimal level of aggregation, yielding the best compromise between the spatial resolution and the accuracy of the output. The specific form of the RRMSE-curve will be dependent on the specific environmental model and on the nature of the input data. 

3. Application on the USLE LS-factor in the Dijle River Area in Central Belgium.

In order to illustrate the technique described above, it’s use is shown in a specific environmental model i.e. the automatic calculation of the length-slope-factor (LS-factor) of the RUSLE soil loss equation (Renard et al., 1991). The slope-factor (S-factor) is directly related to the slope gradient and can easily be derived from a DTM (Zevenbergen and Thorne, 1987). The length-factor (L-factor), originally expressed as distance from the watershed, can be expressed as a unit contributing area (As), i.e. the upslope catchment area per unit of contour length (Desmet and Govers, 1996b). For calculating the upslope catchment area different routing algorithms (single flow or multiple flow) algorithms are available.  Single flow algorithms are highly sensitive to errors on the input data (Desmet and Govers, 1996a).  For this study the multiple flow flux decomposition algorithm proposed by Desmet and Govers (1996a) was used.

The best digital topographic data available covering the whole Belgian territory is a digital terrain model obtained via scanning of the contourlines of the national maps of Belgium on a scale 1: 50 000. For our experiments a part of this DTM covering the Dijle River Area south of Leuven was selected. The main topography is a plateau in which the Dijle and tributary rivers are rather strongly incised (Fig. 2).

The original data have a resolution of 1” latitude and 2” longitude. From these data a raster-DTM with a resolution of 20x20 metres was interpolated. The interpolated DTM appeared to have a RMSE on the height data of 2.9 meters. This was used as the LRLP-DTM.  Next, 8 reference sites were chosen of which very accurate DTM’s, based on the contourlines on the 1:10 000 topographic maps (RMSE = 0.3 m), were made (Fig. 2). 
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Fig. 2 : DTM of the Dijle River Area (LRLP, RMSE = 3m) and reference DTM's (HRHP, RMSE = 0.3 m)

For all DTM’s (a large one with LRLP, and 8 small ones with HRHP) the LS-factor was calculated. When the output obtained using the LRLP-data and the HRHP-data are compared on a pixel-to-pixel  basis, only a very weak correlation is found, indicating that it is not possible to use the LRLP-data to accurately calculate the LS-factor with a 20*20m resolution  (Fig. 3).
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Fig. 3 : Pixel-to-pixel evaluation

In order to obtain the RRMSE-curve a program was written that extracts out of the reference output 100 random windows of a predefined size and compares the average with the corresponding window in the LRLP-output. By varying the window-size (or aggregation-level) the RRMSE can then be calculated for various aggregation levels and the RRMSE-curve can be constructed (Fig. 4.).
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Fig. 4: RRMSE-curve

Figure 4 shows that the RRMS decreases exponentially with increasing aggregation level. Increasing the aggregation level from 0.04 ha (1 pixel) to 2 ha reduces the RRMSE from ca. 55 % to ca. 20 %. If a further decrease of the RRMSE to 10 % is desired, an aggregation level of 16 ha is necessary. Fig. 5 shows the output for an aggregation level of 0.5 ha and 16 ha. A comparison of both maps shows that the loss of spatial detail required to decrease the error content of the output may be considerable. Whether or not this is a problem depends on the scale the output will finally be used on: while a resolution of 16 ha may be totally unacceptable for a local study, it may be quite satisfactory to identify the erodible areas on a regional scale (e.g. Central Belgium).  
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Figure 5 : Post-processed outputs

In figure 6 some RRMSE- curves for other models are presented. The LRLP- input is again the 20m x 20m DTM. It appears that the L-factor is most sensitive to errors in the model input. The calculation of the slope is the most robust because it is a local attribute. For all topographic attributes the decrease of the RRMSE with increasing aggregation level is more or less exponential. By consequence the same significance can be reached with a higher resolution.

4. Conclusions

The  method presented in this article can be applied to every environmental model with a distributed output, if, highly accurate data are available for a (number of) reference area(s). The advantage of this approach is that an insight in the scaling behaviour of model output is obtained using basic statistics. The key element of the method is the RRMSE-curve, which is unique for each combination of model and input data. The RRMSE-curve allows a user to determine the error present in the model output as a function of the aggregation level. An optimal compromise between resolution and accuracy can then be chosen depending on his or her application. Our analysis shows that for basic topographic attributes a moderate level of aggregation may be sufficient to decrease the output error to an acceptable level.
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Figure 6 : Error curves of other models
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RRMSE on model-output as a function of Aggregation Level
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