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Introduction

The analyses of spatial variability of hydrological processes in general and precipitation processes in particular have been of interest to water resources planners and managers for quite some time (Tabios, Salas, 1985). Such analyses have applications in such studies as determination of water budget at different spatial and temporal scales, validation of different hydrological models and recently climate change impact studies.

Number of techniques for the spatial interpolation of long-term mean precipitation for the whole territory of Slovakia have been tested with acceptable results (Parajka, 1999). In this paper, the performance of various interpolation techniques for the spatial interpretation of mean annual precipitation (MAP) for the territory of Western Tatra Mountains is tested. Main goals of the study are:

· to test the accuracy of various interpolation techniques using jack-knife technique;

· to compute and compare average basin MAP for selected mountain basins using GIS tools and environment.

Data and methods

We tested applicability of various methods used to compute areal precipitation in the mountain region of the Western Tatra Mountains (area 314 km2, elevation range 570-2248 m.a.s.l.). MAP data for ten years period 1989-98 were obtained at 23 measurement sites (Fig. 1). Inverse distance, nearest neighborhood, linear triangulation, linear and polynomial regressions, two-dimensional spline with tension and kriging methods were used to produce grid precipitation maps of MAP in the region. GIS map algebra operations were used to compute average basin precipitation for eight basins (Fig. 1), for each year and interpolation technique. The efficiency of interpolation methods was tested against stations data using jack-knife technique (Papamichail, Metaxa, 1996) by evaluating sample variance statistics.
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BASINS: 

1- Jalovecka; 2 - Ziarska; 3 - Jamnicka; 4 - Bystra; 5 - Ticha; 6 - Koprova; 7 - Podbanske; 8 - Rohacska


Fig. 1 Digital elevation model of Western Tatra Mountains, location of precipitation stations and selected basins.

Results

We compared the automated procedures to the measured data quantitatively. Differences between estimated and measured MAP values for each method were summarised using cross-validation statistics. Sample variance was used as the main criteria to evaluate the accuracy against station data. Sum of sample variance for ten years period (1989-98) for each interpolation method is presented in Fig. 2.
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Fig. 2 Sum (10 years) of sample variances of interpolation methods calculated using jack-knife technique.

Results from jack-knife cross-validation show, that quadratic regression method gives the best results for selected 10 years time period. The greatest sum of variances was calculated for nearest neighbor interpolation method.

Results from computation of basin averages of MAP for selected basins indicate that the basin averages differ from year to year and from basin to basin. Fig. 2 shows sample variances of basin averages of MAP computed using different interpolation methods for 10 years period. 
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Fig. 3 Sample variance of basin MAP averages for eight basins computed using different interpolation methods for 10 years period.

From Fig. 2 could be concluded, that all interpolation methods give for Jalovecka basin practically the same basin average. On the other hand, different interpolation methods produce different basin average for Koprova basin.

Examples from statistical comparison of basin averages are presented in Fig. 4 and Fig. 5. Frequencies of interpolation methods, which produce the minimum basin average, are shown in Fig. 4. Histogram in Fig. 4 shows that linear triangulation method gives for majority of basins minimum basin average of MAP. Frequencies of interpolation techniques, which give maximum basin averages of MAP, are presented in Fig. 5. Results in Fig. 5 indicate that maximum basin average is mostly produced by linear regression method, but this is not a case for Rohacska basin, where different interpolation method produce maximum basin average of MAP.
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Fig. 4 Frequencies of interpolation methods, which give the minimum basin averages for each year and basin.
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Fig. 5 Frequencies of interpolation methods, which give the maximum basin averages for each year and basin.

In this paper, the performance of various interpolation techniques for the computation of basin averages of MAP for the territory of Western Tatra Mountains is evaluated. The comparison of interpolation methods used in this study was based on jack-knife technique, as well as on statistical analysis of basin averages of MAP. Results indicate that all tested interpolation methods give for Jalovecka, Jamnicka and Rohacska basins similar MAP basin averages for selected time period 1989-98. On the other hand, different interpolation methods produce absolutely different basin average for Koprova basin. These findings are probably caused by spatial arrangement and localization of precipitation measurement sites. New dimension in evaluation of the performance of various interpolation methods in the future will bring cross-validation within the framework of hydrological balance.
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