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Abstract

The conventional approach of computing a gravigyographic correction from digital elevation
models (DEM) involves creating a correction grichagtation by means of interpolation. Obviouslg th
interpolation process introduces errors in thenestied elevation of the grid points that resultamse of
the computed topographic correction. We have deeslca new technique to compute the topographic
correction by directly utilizing a DEM without cri#ag a grid at each station. Our method avoids the
noise introduced in the interpolated elevation athe grid point. Based on a real survey in an afea o
high relief, we utilized both our technique and ttenventional approach to compute the regional
topographic corrections with a GTOPO30 DEM produdsd the U.S. Geological Survey. The
discrepancies between the results of our methodhencesults generated with the conventional method
are partly attributed to the noise introduced i testimated elevations at the grid points by
interpolation. It is shown that the conventionatihagl is dependent upon the grid setting. Our tegleni
does not involve preparing a correction grid ataign and therefore avoids this difficulty. Ourtimed
is more efficient because no additional correctiads need to be created by interpolation.

I ntroduction

The computation of a gravity topographic corretti®a necessary operation particularly in an area
of high relief. The classical method to comp utetipograp hic correction employing fan-shaped prisms
was developed in (Hayford and Bowie, 1912) and (kam 1939). The computer-oriented terrain
correction algorithms utilizing rectangular prisis represent topography were developed in (Bott,
1959), (Kane, 1962), (Nagy, 1966), and (Plouff 68,91977). In (Zhou et al, 1990) the topographic
correction by discretizing topography into dippim@ngular elements was computed. However, all
these methods involve creating a correction grid sttiation by means of interpolation. To imp lentéreat
methods, care must be exercised to ensure thatracton grid is set properly as the topographic
correction is affected by the grid setting. Obvigushe interpolation process introduces errorshie
elevation of the grid points that eventually resulhoise of the computed topographic correctioi's.
have developed a new technique to compute the tapbig correction by directly utilizing a DEM
without creating a grid at each station. The DEMizetd in our technique may not necessarily be a
spatially regular grid. Many widely available DEMsych as GTOPO30 and National Elevation Data
(NED) produced by the U.S. Geological Survey, aitgilly regularly gridded elevation data in terofs
longitude and latitude and become irregular whandformed into UTM grid coordinates. We applied
our technique to a real gravity survey utilizinGa OPO30 DEM. We also employed the conventional
approach to compute the topograp hic correctionsregting grids with natural neighbor interpolation.

Method

We computed topographic corrections utilizing aMDBrid. The grid is not required to be spatially
regular. It can be created from the measured éevatf a survey by interpolation or obtained from
various sources, including the U.S. Geological 8uyiv websites. Our aim is to demonstrate the



difference between the topographic corrections rgged directly from the DEM grid and the
corrections produced by interpolating DEM data oatarid at each station. We first compute the
topographic effect directly from a DEM without gesténg any additional grids by interpolation. At a
given station, we consider the region enclosed Wy $quares that are centered on the station, one
square has the dimension specified by an inneusathd the other square’s dimension is determiged b
an outer radius (Figure 1). Note that the bounddryhe region is formed by the intersection points
between the edges of the squares and the sideBEMfdpid cells. To compute the topograp hic effect of
the cells located at the boundary, the elevatidieeboundary points have to be estimated utijzan
interpolation technique. We experimented with Imeaterpolation, natural neighbor and bicubic
interpolation to estimate the elevations of theeriséction points. The basic properties of natural
neighbor interpolation are that it is local, usordy a subset of samples that surround a queryt parial
that interpolated heights are guaranteed to bamiitie range of the samples used. Bicubic intetpola

is an extension of cubic interpolation for inter@tolg data points on a regular grid. The interpaalat
surface is smooth in all directions. To make congoais between the corrections of our technique and
the results of the conventional approach, we alsapaited the topographic correction at each indiaidu
station by interpolating the DEM data onto a gridsim utilizing natural neighbor interpolation. Inrou
calculation, the topographic effect of each gritl sethe gravitational effect of the polyhedron ege

top is defined by the elevations of the 4 corndrthe cell. Note that the top of the polyhedromat
necessarily flat and we take it into considerationenhance the accuracy of our computation. This
polyhedron is split into two triangle-based polyfwets and their gravitational effects were computed
utilizing the analytical expressions for an arbigrpolyhedron (M. Okabe, 1979).

Examples

We computed the topographic correction of a realigd gravity survey. The stations were located
15 m apart and the survey lines were north-soutte Survey is in an area of high relief with an
elevation variation of over 3 km. Only the regionapographic corrections were computed as the fine
local DEMs for this area were not available. A GT&H? grid was utilized for the computation of the
topographic correction. GTOPO30 is a DEM with aidhmmtal grid spacing of 30 arc seconds, or
approximately 1 kilometer. The correction is comgrubetween 1 km and 22 km from a station. A
constant density of 2.67 grams/cc was utilized tloe computation. The measured elevation of the
gravity station was not used in the computationth@se were significant discrepancies between the
measured elevation and the GTOPO30 DEM data. ldstha elevations at the horizontal locations of
the stations utilized in the comp utation were eated with natural neighbor interpolation.

We first computed the topographic corrections vath technique, that is, directly from a DEM
grid without creating any additional correctiondgri We computed the topographic effects of the grid
cells of the DEM enclosed by two squares whichcargered on the given station and have dimensions
specified by an inner radius of 1 km and an ouéelius of 22 km, respectively (Figure 1). In the
computation, the elevations of the boundary powwese estimated by one of three interpolation
techniques: linear interpolation, natural neighimberp olation and bicubic interpolation. We notitbat
the difference in elevation at certain boundaryngowas up to 200 m depending on the interpolation.
The computed topographic corrections for a pradile displayed in Figure 2. It can be seen that the
difference in the corrections was within 0.05 mGadlicating that the topographic corrections utilg
the original DEM are consistent regardless of therpolation technique utilized to estimate the
elevations of the boundary points. We then caledlabpographic effects utilizing the conventional
approach by creating a correction grid mesh cedtere the station for which the correction was
calculated. Natural neighbor interpolation wasizgd in creating the correction grids. The compiatat
was done with the inner distance of 1 km and theerodistance of 22 km and the density of 2.67



grams/cc was utilized. More specifically, a squagion of 44 km by 44 km centered on the statios wa

gridded with cells of 1 km by 1 km. The correctiotlas computed for all the cells enclosed by two
squares that are centered on the station and hdedengths of 2 km and 44 km, respectively. The
result is also displayed in Figure 2. There aréed#inces of up to 0.6 mGal between the resultsuof o

technique and the result of the conventional methidae discrepancies between the results of our
method and the result generated with the conveatiomethod are partly attributed to the noise

introduced in the estimated elevations at the grdnts by interpolation. Note that the computed

topographic corrections along the profile were rtpnal to the station elevations utilized in the

computation (Figures 2 and 3), as in many casesroés in (Kane, 1962).
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Figure 1: The region enclod by two squares centered on the station loc
at the origin. One square has a dimension spedfiethe inner radius of 1
km and the other’s dimension is specified by theeotadius of 22 km. The
legend indicates the variation of the DEM elevatath respect to the given
station

To see how the grid setting affects the topog@porrection, we computed the topographic
correction with the conventional method utilizingtaral neighbor interpolation to create a correctio
grid at a station, which has cell size of 0.92 knDO2 km, the average size of the original GTOPO30
DEM grid. The computation was done with the inretius of 1 km and an outer radius of 22 km. In
other wordsthe topographic effects of the grid cells encldsgdwo squares which are centered on the
given station and have dimensions specified byirther radius of 1 km and an outer radius of 22 km
were computed. Note that the intersection poietsvben the edges of the squares and the sideg of th
grid cells are not at the grid points. Therefore #glevations of the intersection points have to be
estimated utilizing an interpolation technique. bfdy give the results of a linear interpolationthe
corrections produced with other techniques suchnasural neighbor interpolation and bicubic
interpolation were similar with differences below0®& mGal. The corrections obtained with the
conventional method utilizing a grid of cell siz®® km by 0.92 km are displayed in Figure 4. keen
that there is a discrepancy of up to 0.36 mGal betwthe corrections generated with cell sizes @ O.
km and 1 km. This demonstrates that the convertioeéhod is dependent upon the way the grid is set.
Obviously, our technique does not involve prepaairgyid and therefore avoids such difficulty.
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Figure 2: The topograp hic corrections of a profile comp utgith our method and the
conventional method. The red, blue and green cuameshe results obtained with our

technique utilizing linear interpolation, naturaighbor interpolation, and bicubic

interpolation, respectively, to estimate the elerat of the points that are at the boundary.
The brown curve represents the results generatidrdtire conventional method utilizing
natural neighbor interpolation to create gridself size 1 km by 1 kml'he computation wz
done with the inner distance of 1 km and the odistiance of 22 km and the density of 2.67

grams/cc was utilized.
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Figure 3: The station elevation utilized in the computatiadrihe top ograp hic
corrections were estimated by natural neighborjrdkation.
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Figure 4: The topograp hic corrections computed with our mdtand the conventional
method. The blue curve is the result obtained withtechnique utilizing natural neighbor
interpolation to estimate the elevations of thenfsiihat are at the boundary. The brown c
represents the results generated with the convaitinethod utilizing natural neighbor
interpolation to create grids of cell size 1 kmbim. The red curve shows the results
generated with the conventional method utilizinguna neighbor interpolation to create gr
of cell size 0.92 km by 0.92 km. The computatiorswiane with the inner distance of 1 km

and the outer distance of 22 km and the densi/.&% grams/cc was utilized.

Conclusions

We have developed a new technique to comp uteogdagtap hic correction by directly utilizing a
DEM without creating a grid at each station, as @ggu to the conventional method. Our method avoids
the noise introduced in the interpolated elevatibeach grid point at a station and is more effitie
because no additional correction grids need ta éated by interpolation. We applied this technitua
real gravity survey and our results shown that dtsrections were consistent regardless of the
interpolation technique utilized to estimate thevations of the boundary points. The discrepancies
between the results of our method and the resaltgergted with the conventional method are partly
attributed to the noise introduced in the elevatiaf the correction grid points by interpolationhel
conventional method involves properly setting thiel.gOur technique does not involve preparing a
correction grid at a station and therefore avoudshdifficulty .
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