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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),
Multiguadratic 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.



VOLUME CALCULATIONS

In surfer, three methods are used to determine volumes: Trapezoidal Rule, Simpson’s Rule,
and Simpson’s 3/8 Rule. Mathematically, the volume under a function f(x, y) is defined by a
double integral
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In Surfer, this is computed by first integrating over X (the columns) to get the areas under the
individual rows, and then integrating over Y (the rows) to get the final volume.

Surfer approximates the necessary one-dimensional integrals using three classical numerical
integration algorithms: extended trapezoidal rule, extended Simpson’s rule, and extended
Simpson’s 3/8 rule. In the following formula, Ax represents the grid column spacing, Av
represents the grid row spacing and Hj; represents the grid node value in row [ and column j.
Extended Trapezoidal Rule;
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The pattern of the coefficients is {1.2,2,2,....2.2,1}.
Extended Simpson's Rule;
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The pattern of the coefficients is {1.4,2,4,2,4.2,....4.2,1}.

Extended Simpson's 3/8 Rule;
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The pattern of the coefficients is {1.3,3,2,3,3.2,....3.3.2,1}



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-Kruger projection system coordinates of these
reference points were determined as Ax= 486.562 m and Ay=487.116 m.

m 1600
- » A . 1550
o a - 1500

1450
1400
1350
1300
1250
1200

1150

1100

1050

Fig. 2. Three-dimensional view of the study area by the wireframe method

Fig. 1. Three-dimensional surface view of the study area



Volume Calculations

The real volume of the land was calculated through NETCADS.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 m?.

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

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

e 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 with 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

Volume calculation methods

Interpolati
r[[lletlrll.g 35 1on ranges Trapezoidal rule |Simpson's rule Simpson 's 3/8 rule
(m) () () (m)
50 1873063892575.60 | 1873033304065.40 | 1873064832865.50
Inverse Distance to a | 100 1873058712548.10 | 1873031819106.40 | 1873063854823.70
Power (k=1) 150 1873047010077.70 | 1873044834373.50 | 1873038277428 80
200 1873118855685.20 | 1873077333053.40 | 1873075626208.90
50 187408873202250 | 1874083517357.80 | 1874080438476.00
Inverse Distance to a | 100 1874983336795.00 | 1874968302886.10 | 1874083630882.30
Power (=2) 150 1874897009500020 | 1874975664864.80 | 1874975645025.50
200 1875021088515.50 | 1875008182482.70 | 1875012230840.70
50 1800660126848 40 | 1800664648530.00 | 1300669490503 70
Keiein 100 1890660938845.80 | 1890665785794.20 | 1890658667976.40
g 150 1890663981003.90 | 1890651355131.90 | 1890660994133 80
200 1800656510680.50 | 1800650010550.00 | 1800637786303.80
50 1887255486394.60 | 1887252201199.40 | 1887252202665.40
- 100 1883070464527.00 | 1883963925645.10 | 1883063896055.80
Minimum Curvature 1 5o 1876261658283.20 | 1876254349185.40 | 1876255619304.20
200 1880510658141 10 | 1880506202368.30 | 1880504208000.60
50 1603380648358 00 | 1605414183124.80 | 1695307784210.80
Modified  Shepard's [ 100 1695415879030.40 | 1695457080893.70 | 1695419061048.00
Method 150 169539417640430 | 1695271395651.00 | 1695503792596.10
200 1695347750194.40 | 160558538022140 | 1695203885257.30
50 1431232295188.70 | 1431264700544.10 | 1431270420902.90
. 100 1426287826183.50 | 1426384070515.50 | 1426252848094.70
Natural Neighbor 150 142113730055000 | 1421355816146.20 | 1421185504070.40
200 1416440820028.10 | 1416514253713.80 | 1416561413218.10
50 1882348010460.40 | 1882347606046.50 | 1882348121508.00
Nearest Neistibor 100 1882364418326.70 | 1882348305723.30 | 1882389499434.90
: 150 1882351613301.00 | 1882435927708.10 | 1882371998262.00
200 1882308585456.00 | 1882361662407.80 | 1882364037768 50
50 1848148187024 00 | 184814818702400 | 1348148187024.00
Polynormial 100 1842148187924.00 | 184814818792400 | 1848148187924.90
Regression 150 184214818792400 | 184814818792490 | 1848148187924.90
200 1848148187024 00 | 184814818702400 | 1348148187024.00
30 1895047179544 60 | 1895038765860.20 | 1895046695774.50
_ _ 100 1805051043047.00 | 1805058100116.80 | 1805046343354 30
Radial Basss Function 1755 1895046555132.40 | 1893019253475.40 | 1895047703608.50
200 1895036682491.70 | 1893031171674.10 | 1895007245275.10
50 1436555123600.20 | 1436634127105.00 | 1436616258308 90
Trisngulation  with | 100 1436336475464.00 | 143636075079530 | 1436491325418.90
Linear Interpolation | 150 1436145696855.70 | 143645458436030 | 1436620300762.60
200 1435565412824 00 | 1436354350787.70 | 1436015280880.00




Relative Frror is given by (8)

Where etz 15 relative error; Ve i estimated volume; V15 actual volume.

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
with respect to these differences

. Grid | Trapezoidal rule Simpson’s rule Simpson 's 3/8 rule
Imterpolation - n -
methods TARZES | Differences (m?) Relative | b e rences (m¥) Relative | 5y e cences (m®) Relative

(m) Error error error

] S0 |43642406085220 |0304 | 43641347234400 |0304 | 436425001145.10 |0.304
161;‘:;; o | 100 [436419880827.70 [0.304 [436301987385.00 [0.304 [436424015102.30 [0.304
Power (k=1) 150 | 43640807023630 |0304  |436405002652.10 | 0304  |436308445707.40 | 0.304
200 [436479023967.80 |0304  [436437701332.00 |0304 | 436435794487.50 |0.304

] S0 |438348000301.10 |0305 | 43834368563640 |0305 | 438340606754.60 |0.305
1&“;;; o o100 [438343505071.60 [0.305 [438328361164.70 [0305  [438343799160.90 |0.303
Power (I=2) 150 [438330263278.80 |0.305  [43833383314340 |0.305  [438335813304.10 |0.305
200 |438381236794.10 |0305 | 438368330761.30 |0305 | 43837239911030 |0.303

30 [454029295127.00 [0.316  |454024816817.60 |0.316  [454020667272.30 |0.316

. 100 |43402110712840 |0316 | 434025034072.80 |0316  |434018836235.00 | 0316
Kriging 150 |45402415018230 |0316  |45401152341050 |0316  |454021162412.40 | 0316
200 |454016678965.10 |0316 | 45401018783760 |0316 | 453997934582.40 | 0316

S0 [450615634673.20 | 0314 [450612369478.00 |0314  [450612370944.00 |0314

Minirmum 100 |447330632806.30 |0.311 | 447324093023.70 |0311 | 44732406433840 |0311
Curvature 150 |430621826361.80 |0306 |430614317468.00 |0306 |430615787582.80 | 0.306
200 |443870826419.70 |0300 | 44326637064600 |0300 | 44386437627920 |0.300

] 30 [238740816636.60 |0.180  |25877435140340 [0.180  [258757952480.40 [0.180
Modified 100 | 238780048209.00 |0.180 | 258817249272.30 |0.180 | 258779229326.60 | 0.180
ims 150 |25875434468290 |0.180 |258631563920.60 |0.180 | 258863060874.70 |0.180
200 |238707927473.00 |0.180 | 23804334850000 |0.180 | 258634033335.00 |0.180

50 |-3407536332.70 | -0.004 |-337313117730 |-0.004 |-336941081850 |-0.004

Natural 100 [-10332005537.00 |-0.007 |-10235761205.90 |-0.007 |-10386882626.70 |-0.007
Neighbor 130 |-13302322161.30 |-0.011 |-135284015575.20 |-0.011 |-15436236742.00 |-0.011
200 |-2019901079230 |-0.014 |-20125578007.60 |-0.014 |-2007841850330 |-0.014

50 [445709078739.00 |0310  [445707775225.10 |0310  [445708289786.60 | 0310

Nearest 100 |44572458660530 |0.310 | 445708474001.90 |0310 | 445749667733.50 | 0310
Neighbor 150 |44571178158030 |0310 | 445706003987.70 |0.310  |443732166340.60 | 0310
200 |445758733734.60 |0310 | 44572183077640 |0310 | 445725106047.10 | 0310

S0 |411508336203.50 |0286 | 411508356203.50 |0286 | 411308356203.50 |0.286

Polynomial 100 |411308336203.30 |0286 |411308336203.30 |0286 |411308336203.30 |0.286
Regression 150 | 411508356203.50 |0.286 | 411308356203.50 |0.286 | 411308356203.50 | D.286
200 |411308336203.30 |0286 | 411508336203.30 |0286 | 411308336203.30 |0.286

30 |45840734782320 |0310 | 458308034138.80 |0310 | 458406864033.10 |0.310

Radial Basis| 100 |45841121132560 |0319 | 45841835830540 |0319 | 458406511632.90 |0319
Function 150 | 45840672341100 |0310 | 45837042173800 |0310 | 458407871888.10 | 0310
200 |458396850770.30 |0319  [458391339952.70 |0319 | 458367413553.70 | 0319

. , 50 |-84708121.20 0.000 |-5704526.40 0000  |-23573412.30 0.000
E;ﬂg“'agt’mlm 100 |-30333625740  |0.000 | -79080926.10 0000 |-14830630230 | 0.000
Tnterpolation 150 |-49413486570  |0.000  |-18524735210  |0.000  |-19530938.80 0.000
200 |-1074418866.50 |-0.001 |-285480033.70 | 0.000  |-62454184140 | 0.000




0.350 -

0.300 -

0.250

0.200 -

0.150 -

0.100 -

0.050 -

0.000

-0.050

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.
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Fig. 3. Variation of relative errors according to 50 m grid range
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Fig. 4. Variation of relative errors according to 100 m grid range
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Fig.5. Variation of relative errors according to 150 m grid range
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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:

e 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.

e 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.

e 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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