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SUMMARY

The digital elevation model is a model which defines the surface of land three-dimensional and has been created

through the elevation data of the land. The digital elevation model has been widely used in the fields of

application such as, preparation of road projects, excavation-filling-related volume calculations, land arrangement

studies, etc. The volume calculations which is the subject of this study and have been used in a variety of

engineering services, have often been used in the reserve determination of mine sites, in the determination of

splitting and filling soil removal works of the sites such as, road, airport, tunnels etc. Since the amount of the

calculated volume burdened financially great expenses to employer, the calculations must be made in a precise

manner. The aim of this study is to make and compare the volume calculations with different grid ranges and

different interpolation methods. In this study, grid ranges were selected as 50 m, 100 m, 150 m and 200 m. The

interpolation methods used are Inverse Distance to a Power (k=1 and k=2), Point Kriging, Minimum Curvature,

Modified Shepard's Method, Natural Neighbor, Nearest Neighbor, Polynomial Regression (simple planar surface),

Multiquadratic Radial Basis Function, Triangulation with Linear Interpolation. The volume calculation methods

used are Trapezoidal rule, Simpson's rule, Simpson's 3/8 rule. The digital elevation models were prepared in the

"Surfer 8" program. The surface modelling of the land is made through the chosen different interpolation methods

and the grid extended files of these resulting surfaces were created. Afterwards, the volumes of these surfaces

with reference to the selected reference surface, Z = 0, were determined with different methods and were

compared.







MATERIALS AND METHODS

Study area

In practice, geodetic network with 1175 points, which was established in Konya, was used. x,y coordinates of these

points were measured by GPS and the orthometric heights of which, were measured by levelling method. Minimum

and maximum orthometric heights of these reference points were 1034.541 m and 1671.294 m, moreover, the

topographical structure of the land was indicated in the form of three dimensional surfaces in Figure 1 and in the form

of wireframe in Figure 2. The range in x and y directions of Gauss-Krüger projection system coordinates of these

reference points were determined as Δx= 486.562 m and Δy=487.116 m.
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Fig. 1. Three-dimensional surface view of the study area
Fig. 2. Three-dimensional view of the study area by the wireframe method



Volume Calculations

The real volume of the land was calculated through NETCAD5.0 software package program. Following the triangulation

process covering the land had been performed through AP program, regarding the volume calculation made by using Delaunay

triangles, since the volume was calculated directly by using the coordinates of the reference points without applying

interpolation, the result was accepted as the value of the actual volume. Real volume was determined as 1436639831721.4 m3.

Then, without making any change in the standard settings of the Surfer program;

• The grid ranges were selected as 50 m, 100 m, 150 m and 200 m.

• Interpolation methods: The surface modeling was carried out within the limits we specified using the interpolation

methods including Inverse Distance to a Power (k=1 and k=2), Point Kriging, Minimum Curvature, Modified Shepard's

Method, Natural Neighbor, Nearest Neighbor, Polynomial Regression (simple planar surface), Multiquadratic Radial Basis

Function, Triangulation with Linear Interpolation

and *.grid extended files of these resulting surfaces were created. The volume values of these surfaces, which were resulted

by making surface modeling, with respect to specific reference surface, Z=0, were calculated according to the rules given

below :

Trapeze (Terminal areas method) Rule, Simpson's Rule, Simpson's 3/8 Rule

The results of the volumes calculated with different volume calculation methods depending on the different interpolation

methods and grid ranges applied are given in Table 1, and the differences of these results from the actual volume and the

calculated relative errors wıth respect to these differences are given in Table 2.



Table 1. The results of the volumes calculated with 

different volume calculation methods depending on the 

different interpolation methods and grid ranges



Table 2. Differences between actual volume

and volumes calculated with different

volume calculation methods depending on

the different interpolation methods and grid

ranges, and the calculated relative errors

wıth respect to these differences



Relative errors regarding the differences between actual volume value and volume values ​​obtained with different volume

calculation methods according to the different interpolation methods and grid spacing are shown in Fig. 3, Fig. 4, Fig. 5 and

Fig. 6 with bar graphs.

Fig. 3. Variation of relative errors according to 50 m grid range Fig. 4. Variation of relative errors according to 100 m grid range



Fig.5. Variation of relative errors according to 150 m grid range

Fig. 6. Variation of relative errors according to 200 m grid range



CONCLUSIONS

The volume calculations were made through Surfer8 program. The effects of the parameters such as,

grid range, interpolation methods, volume calculation methods on the volume calculation was

investigated in the study. Moreover, the discussions made taking into account the amount of relative

errors are as follows:

• When the relative errors examined (see Table 2, Figure 3-4-5-6), it was seen that the most

appropriate interpolation model was triangulation with linear. When the relative errors calculated

with other interpolation methods examined, it was seen that the most appropriate interpolation

models were respectively, from smaller to larger, Natural Neighbor, Modified Shepard's Method,

Polynomial Regression, Inverse Distance to a Power (k=1), Inverse Distance to a Power (k=2),

Nearest Neighbor, Kriging, Radial Basis Function.

• It was seen in the interpolation methods used including minimum curvature, natural neighbor that

the relative errors changed depending on the different grid ranges. In other methods, the change

in grid ranges didn’t affect the relative error.

• Changing the volume calculation methods didn’t affect the relative error. The amount of relative

error wasn’t changed with changing the method of volume calculation.
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