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Abstract
Terrain correction is important in generating accurate Complete Bouguer Anomaly (CBA) maps and is essential for grav-
ity studies. Traditional methods for terrain correction can be time-consuming, and many computerized programs are 
computationally intensive. To address these challenges, we introduce MAETEC, an optimized algorithm MATLAB-based 
approach designed to enhance the efficiency and accuracy of terrain correction in CBA computations. MAETEC uses an 
effective algorithm and MATLAB’s parallel computing capabilities to speed up the terrain correction process. Our ap-
proach integrates simple gravity equations, e.g. Nagy prism and its simplification techniques, zonation strategy, and 
parallel processing to significantly reduce computation time without compromising accuracy. Validation of MAETEC 
against other terrain correction software and methods demonstrates its effectiveness in producing precise CBA maps 
with reduced processing times. We illustrate the application of MAETEC through a case study in a geothermal explora-
tion area and also for a regional gravity study. The results show a marked improvement in the efficiency of terrain correc-
tion compared to existing available software, e.g. GTeC, Oasis, and TCDEMF, making MAETEC a valuable gravity pro-
cessing tool. Overall, MAETEC offers a fast, accurate, and user-friendly solution for terrain correction, facilitating the 
generation of high-quality CBA maps and advancing our understanding of subsurface geological structures.
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1. Introduction

The Complete Bouguer Anomaly (CBA) map is one 
of the geophysical tools for illustrating subsurface rock 
density anomalies. Derived from the free-air gravity 
anomaly, the CBA map is created through a series of 
topographic reductions, including Bouguer correction 
(Bullard A), spherical correction (Bullard B), and terrain 
correction (Bullard C) (Nowell, 1999; Cella, 2015). 
Bullard A, addressing the Bouguer plate effect, and Bul-
lard B, accounting for the Earth’s curvature, can be cal-
culated using straightforward equations and approxima-
tions for each observation gravity station, as demonstrat-
ed by LaFehr (1991) and Whitman (1991). Bullard A 
and B corrections are relatively simple to compute man-
ually or with basic software. However, terrain correction 
(Bullard C) is time-consuming, especially when tradi-
tionally performed by the hammer chart method (Tel-
ford et al., 1990).

In response to this challenge, with the advancement 
of computer technology, earth scientists have developed 
software or code in Fortran, Python, Matlab, etc., that 
automates terrain correction. By inputting a digital ele-
vation model (DEM) along with the coordinates and el-
evation of the gravity stations, software like TCDEMF 
(Nishijima, 2009), FA2BOUG (Fullea et al., 2008), 
GTeC (Cella, 2015), GIS-Matlab (Almeida et al., 2018), 
TGF (Yang et al., 2020), and Oasis Montaj (Commer-
cial Geosoft Software) simplifies terrain correction pro-
cessing. Some of these tools can be complex and chal-
lenging for non-expert geologists or geophysicists unfa-
miliar with certain input parameters, like setting up the 
optimum input to acquire an accurate result. Therefore, 
we present a simple and efficient algorithm for perform-
ing terrain correction utilizing MATLAB’s parallel com-
puting toolbox. Our algorithm is designed to enhance the 
terrain correction computational process, making it more 
effective, efficient, and user-friendly for non-expert ge-
ologists and geophysicists. We also compare our algo-
rithm’s results and computational times with accessible 
software such as TCDEMF, GTeC, Oasis Montaj, and 
FA2BOUG (indirectly) to validate the accuracy and 
compare our approach’s efficiency.
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The standard gravity data correction, including tides, 
instrumental drift, latitude, free air, and topography, 
should be performed to get a CBA map. The free air 
anomaly map shows gravity anomaly measured at a ref-
erence level, usually sea level or geoid. After free air 
anomaly, the anomaly due to the topography effect 
should be removed to get the CBA map. Bullard (1936) 
who first categorized topographic correction into three 
types, later known as Bullard A, B, and C. The Bullard 
A, also known as the Bouguer correction, treats the to-
pography as an infinite horizontal thick slab (see Figure 
1). As the Earth is not an infinite slab, the curvature of 
the Earth needs to be accounted for by the Bullard B cor-
rection with a spherical cap of a surface radius of 166.7 
km (LaFehr, 1991). Lastly, the undulation of the topog-
raphy around the gravity station must be handled by the 
terrain correction (Bullard C).

In the past, terrain corrections (Bullard C) were per-
formed using the Hammer method, where the area 
around the gravity station was subdivided into circular 
zones and compartments (Hammer, 1939). The correc-
tion was calculated by averaging the value of the topo-
graphic elevation of each compartment and subtracting 
it from the gravity station’s elevation. The correction 
value then can be calculated by assuming that the zone is 
a cylindrical ring divided by several sectors (Hammer, 

1939). Nowadays, advanced computer techniques help 
compute terrain correction by utilizing DEM data, mak-
ing it less time-consuming and more accurate. Moreo-
ver, many methods developed are more accurate than the 
hammer method, e.g. triangular tessellation, Nagy prism 
or flat top squared prisms, Fourier method, and optimal-
ly selecting sector (modification of hammer method) 
(Parker, 1995; Cella, 2015; Jahanjooy et al., 2020).

The computerization of terrain correction programs 
have been developed since the 1960s. Bott (1959) and 
Kane (1962) were among the earliest developed gridded 
elevation data for computing gravitational effects that is 
accurate for the close inner and far outer zone area. Nagy 
(1966) and Plouff (1976) introduced the prism method for 
calculating terrain correction using DEM data, which is 
accurate in high-resolution DEM. Better resolution will 
have higher accuracy but requires higher computational 
costs (time and computer memory). Blais and Ferland 
(1984) found that for great distances, the formula for a 
prism can be simplified as a vertical line mass centered at 
a grid point, reducing computational time for the far zone.

Another approach for terrain correction uses a Gaussi-
an function, which offers faster computation but may not 
accurately capture sharp topographic variations, as pro-
posed by Herrera‐Barrientos and Fernandez (1991). 
Additionally, a Fourier-based method separates the terrain 

Figure 1. Illustration of corrections of topographic components to obtain the complete Bouguer anomaly from the free-air 
gravity anomaly. Firstly, the free air gravity anomaly is subtracted from Bouguer correction (Bullard A) with a particular 
density value (ρb) at a certain elevation to account for the gravitational effect of the topographic mass below the gravity 

station. Then, the free air gravity anomaly should be added with spherical correction for the Earth’s curvature, known as the 
Bullard B correction, and it is applied to a distance of approximately 166.7 km as suggested by LaFehr (1991) to account for 
the earth’s curvature effect with the same density value (ρb). Lastly, the terrain correction (Bullard C) is added to the free air 

gravity anomaly to acquire a complete Bouguer anomaly. This terrain correction cancels out the gravitational effect of the 
Bouguer plate in valleys while adding to the gravity value on hilltops (light blue color). For the ocean areas, the Bouguer 

density value is adjusted by subtracting it with the density of the seawater (ρb – ρw) (blue color).
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correction into local and distant components, with the dis-
tant contribution transformed into a convolution series 
through Chebyshev economization to further improve 
computational efficiency (Parker, 1995). However, Tsou-
lis (1998; 2003) and Gomes et al. (2013) reported that 
when the topographic grid is very dense and steep, there 
will be divergence in the terrain calculation and signifi-
cant overestimated values in high-elevation terrain due to 
classical integration. Some authors (Ballina Lopez, 1990; 
Hwang et al., 2003; Fullea et al., 2008) set up the digital 
terrain models and the input data under restrictive condi-
tions, limiting their application (Cella, 2015).

Researchers have been developing programs that com-
bine several techniques and strategies to achieve high ac-
curacy and less computational time. The strategy com-
monly used in the terrain correction program is zone divi-
sion, which is choosing a method to compute the terrain 
effect in each zonation area (i.e. Nagy prism, triangular 
tessellation, and triangular prism) and implementing par-
allel computing (Cella, 2015; Murillo, 2017). In this 
study, the terrain correction algorithm strategy imple-

ments three terrain correction methods, as suggested by 
Nowel (1999) (simplified flat-top squared prism and the 
quarter segment of a uniform slope wedge) and Nagy 
prism (flat-top squared prism) method (Nagy, 1966; 
Plouff, 1976; Nagy et al., 2000) in four adjustable zona-
tions to maximize accuracy and a MATLAB parallel com-
puting toolbox to minimize computational time. This pa-
per demonstrates that combining flat-top squared prism 
and simplified flat-top squared prism methods with right 
radius zonation resulted in terrain correction with one mi-
crogal accuracy, considering the DEM resolution.

2. Methods

2.1. Data and Tools

This study uses the global Digital Elevation Model 
(DEM) data from SRTM (Shuttle Radar Topography 
Mission) USGS Earth Explorer with a resolution of 1 arc 
second or about 30 meters (OpenTopography, 2013). 
The study case area is around Telomoyo Mountain, part 

Figure 2. Available digital elevation model (DEM) data covers an area of 18,200 km2 acquired from SRTM 
USGS Earth Explorer with a square gridded resolution of 50 meters on the Central of Java Island, Indonesia, 

which results in 7,280,000 pixels (red rectangle). The inset map shows the location of the 861 synthetic gravity 
station (black circle) for terrain correction around Mt. Telomoyo geothermal exploration area that covers an 

area of 200 km2 (black rectangle).
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of the geothermal exploration area in the middle of Java 
Island, Indonesia (Abdillah et al., 2024), where the 
DEM covers about 120 by 120 km, and the synthetic 
gravity station is located in the middle of the study area 
(see Figure 2). According to the geological map of the 
Magelang and Semarang (Thanden et al., 1996), the 
Telomoyo area’s lithological unit mainly consists of 
Quaternary volcanic breccia and lava, surrounded by 
Tertiary sedimentary rocks overlaid by Quaternary vol-
caniclastic products. According to Saibi et al. (2012), 
the average rock density value in the Ungaran area is 
2470 kg/m3 or 2.47 gram/cm3, and this value is used as 
the terrain density (ρ) input for terrain correction in the 
Telomoyo area due to their similar geological settings 
and volcanic history.

The code is written in MATLAB software, and all the 
computational processes performed using 11th Gen In-
tel® Core (TM) i7-1160G7@1.20GHz (8 CPUs) run-
ning on a 64-bit Windows 11 operating system with a 
memory of 16 GB of RAM. Using these computer specs, 
the code can run up to about 7.3 million points of DEM 
data, and it takes about 1-5 minutes to calculate the ter-
rain correction of 861 gravity stations.

This research uses GTeC (Gravity Terrain Correc-
tion), the same MATLAB-based software, for bench-
marking because GTeC provides a reliable and flexible 
solution for accurately calculating terrain corrections. 
GTeC’s ability to integrate multiple DEM with progres-
sively finer resolutions improves accuracy, especially in 
areas with steep slopes or near coastlines. Additionally, 
its use of tessellation-based algorithms for inner zones 
allows precise modelling of terrain effects, even in com-
plex and rugged regions. GTeC software has been vali-
dated using synthetic topographic data and applied to a 

microgravity survey real-case (Cella, 2015). The valida-
tion results demonstrated excellent agreement of GTeC 
results with those obtained from commercial software, 
showcasing its reliability and accuracy.

2.2. Input Data and Setting Parameter

The input data is DEM data with a horizontal resolu-
tion of 50 meters for detailed geology prospecting de-
pending on computer specs where the finer resolution 
will result in better accuracy. Still, it demands more 
memory and computational time. The DEM input data 
file should be in the *.xyz format consisting of coordi-
nates X and Y (in meters), UTM Zone (e.g. WGS 1984) 
format, and the Z-elevation unit (in meters). This code 
also accepts bathymetric DEM data (if available) in the 
negative elevation values. We only use positive values in 
the Mt. Telomoyo terrain correction test case because 
TCDEMF does not accept bathymetric data. However, 
we include negative DEM values (bathymetric) for the 
regional terrain correction test in the Atlas Mountain re-
gional case. In general, DEM for terrain correction 
should cover a minimum of 50 km in all directions from 
the terrain gravity study area (see Figure 2). The data 
input format is in *.txt format, with the information of 
gravity station name, longitude (can be in UTM or deci-
mal degrees), latitude (can be in UTM or decimal de-
grees), and elevation of the gravity stations (in meters).

The parameter setting in MAETEC needs to be set as 
the input, including the average terrain density values of 
the study area (in gram/cm3). The maximum terrain cor-
rection radius search (maxTCrange) should be defined in 
meters. An input of 50,000 meters for a maximum ter-
rain correction radius should be sufficient; beyond this 
range, the effect will not be significant to the measured 

Figure 3. The left figure shows DEM zonation determination for calculating the terrain effect in each gravity station.  
DEM is divided into two main zones for each observation point: the near zone (red grid inside the red circle) and the far zone 
(yellow grid outside of the red circle). The near zone consists of Zones 1 (DEM point in black square) and 2 (DEM point in red 

square). The far zone consists of Zone 3, located between the red and blue circle (DEM point in blue square), and Zone 4, 
located outside of the blue circle, up to maxTCrange distance (DEM point in yellow square). The right figure illustrates how 

to calculate terrain correction in a gravity station for each DEM point (red rectangular prism with eight corner) in Zone 2  
and Zone 3, which applies the flat top squared prism.
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point. For the zonation, MAETEC divides zonation into 
two main zones: the near and far zones. Each zone con-
sists of two sub-zones, Zones 1 and 2 in the near zone 
and Zones 3 and 4 in the far zone (see Figure 3).

To control the radius of each zone in the setting, we 
need to determine the DEM resolution (dx) as the input 
(unit in meters). Zone 1 is the closest area when the grav-
ity station is not located exactly on the DEM point, and 
Zone 1 is fixed as four nodes closest to the gravity sta-
tions (see Figure 3). Zone 2 (zone2rad) and Zone 3 (zon-
e3rad) can be set based on resolution and the number of 
desired grids as the input where the far zone (Zone 3 and 
4) DEM resolution is resampled to a lower resolution as 
input resampling to save the computer memory. For ex-
ample, if the dx input is 50 meters and the resampling 
input is 4 then the new DEM resolution for Zone 3 and 4 
will be 200 meters (see Figure 3). The maximum radius 
of Zone 4 is taken from the parameter of maxTCrange. 
The variation of grid size or resolution of the DEM and 
the zonation radius significantly impacts the accuracy of 
the terrain correction and computational time.

2.3. Algorithm Implementation

2.3.1 Near-zone (Robs < zon2rad)

The near zone uses DEM input at the actual resolu-
tion. Reducing the number of DEM arrays for the near 
zone is essential to optimize the computational process. 
This is performed only by employing the DEM coordi-

nates inside Zone 1 and 2. Using this DEM input, 
MAETEC calculates the radius of each gravity station 
point (Robs) (see Figure 3). According to Nowel (1999), 
the gravity terrain effect of the closest four points to the 
gravity station in zone 1 (gzone1) can be calculated using 
the assumption of the quarter segment of a uniform slope 
wedge derived from Kane (1962).

	 � (1)

G is the gravitational constant (6.672×10–11 Nm2/kg2), 
ρ is the density of the terrain, R is the distance from the 
gravity station to the DEM elevation points, and H is the 
DEM elevation height.

For Zone 2, when the distance (Robs) exceeds the grid 
size or the DEM resolution and less than the Zone 2 ra-
dius (zon2rad), we apply the Nagy prism or flat-top 
squared prism because the DEM data is set as a square 
grid. Nagy (1966) and Plouff (1976) explained the equa-
tion to calculate the gravity terrain effects of the flat top 
square prism (gzone2) expressed as:

	

	 � (2)

Figure 4. A plot of the difference gravity effect of a single DEM point calculated using the simplified squared prism 
(Equation 3) and Flat-top squared prism (Equation 2) considering the distance of the gravity station with the DEM point 
(R), the elevation of the DEM point (H), and the DEM resolution or the cross-sectional area (A) (R, H, and A referring to 

Equation 3). The red line is distance (R) = 10 km.
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Rijk is the distance from the gravity station to each cor-
ner of the prism (see Figure 3). x, y and z are the dis-
tances of the coordinates of the gravity station with each 
corner point of the prism. The term µijk indicates the sign 
(positive or negative) associated with each corner point 
of the prism is defined as µijk = (–1)i(–1)j(–1)k where i,j,k 
= 1,2, corresponding to the prism’s eight corner combi-
nations along the x, y, and z directions (see Figure 3). 
For the DEM point located in the sea, MAETEC will 
automatically use density value from density terrain (ρ) 
subtracted with the density of seawater used 1.027 gram/
cm3 (see Figure 1).

2.3.2 Far-zone (zon2rad < Robs < maxTCrange)

For the far zone, the DEM needs to be resampled (by 
resampling parameter) with a larger grid size (see Fig-
ure 3) to reduce the computational time. However, it is 
important to note that decreasing the DEM resolution 
(increasing grid size or cross-sectional area) may lead to 
lower terrain correction accuracy. Many terrain correc-
tion programs, such as FA2BOUG, GTeC, and Oasis 
Montaj, use this resampling strategy for different zone 
radius (Fullea et al., 2008; Cella, 2015). In Zone 3, 
MAETEC implements the same flat-top square prism as 
Zone 2 (see Equation 2) but with a larger grid size or 
resolution to calculate the terrain effect (gzone3).

Since the flat-top squared prism can be simplified to a 
simple equation for a large distance (Blais and Ferland, 
1984), we employ Ferland’s equation to calculate terrain 
correction (gzone4) for Zone 4:

	 � (3)

A represents the cross-sectional area, grid size, or 
resolution of the resampled DEM. R and H are the same 
as the distance and DEM elevation in Equation 1. Set-
ting the minimum distance for Zone 4 is important to 
optimize the algorithm’s computational time since the 
computational cost for the flat-top square prism is more 
expensive than Equation 3. The minimum distance for 
Zone 4 (zone3rad) is suggested at 10000 meters regard-
less of the height of the prism for the DEM resolution 
less than 2000 meters or less than 4×106 square meters 
cross-sectional area (A). However, increasing the DEM 
resolution or cross-sectional area (A) requires further 
radius or distance (R) to reach a high accuracy (lower 
error), where the best distance for Zone 4 (zone3rad)  
is selected when less than 10 microgal accuracies are 
achieved by considering the elevation difference (H)  
and DEM resolution or cross-sectional area (A) (see Fig-
ure 4).

3. Results

3.1. MAETEC optimum setting

Mount Telomoyo geothermal exploration area is se-
lected to test the accuracy and optimum setting of the 
MAETEC software. 861 synthetic gravity stations were 
calculated using 50-meter grid size resolution DEM 
from SRTM (OpenTopography, 2013) (see Figure 2). 
Utilizing the same DEM resolution input, GTeC is con-
sidered the reference for other terrain correction soft-
ware because it enables triangular tessellation to mesh 
the DEM. The triangular tessellation to mesh calculates 
the terrain effect using sloped triangular prisms, ensur-
ing greater precision (Götze and Lahmeyer, 1988). 

Table 1. The comparison of the computational time average and root mean square error (RMSE) of different available terrain 
correction software with different scenarios, including zonation ranges, terrain correction methods, and DEM resolution. 
GTeC, TCDEMF, and Oasis Montaj zone radius and DEM grid size have been adjusted to the MAETEC zonation setting for 
simplification. Each color represents the terrain equation methods used in each zone: Uniform sloped wedge (Kane, 1962); 

Flat top squared prism (Nagy, 1966); Simplified squared prism (Blais and Ferland, 1984); Sloped triangle prism  
(Götze and Lahmeyer, 1988); Squared segment ring (Kane, 1962).

Zonation
MAETEC GTEC

(Cella, 
2015)

TCDEMF
(Nishijima, 

2009)

Oasis 
Montaj

(Geosoft)Scene - 1 Scene - 2 Scene- 3 Scene- 4

Zone radius

Zone 1 (Nearest) 50 m 50 m 50 m 50 m 100 m 50 m 50 m
Zone 2 1600 m 800 m 800 m 1600 m 1000 m 50000 m 400 m
Zone 3 14000 m 10000 m 10000 m 14000 m 1600 m - 800 m
Zone 4 50000 m 50000 m 50000 m 50000 m 14000 m - 1600 m
Zone 5 - - - - 50000 m - 50000 m

DEM grid size 
/ resolution

Zone 1 (Nearest) 50 m 50 m 50 m 50 m 10 m 50 m 50 m
Zone 2 50 m 50 m 50 m 50 m 50 m 50 m 50 m
Zone 3 200 m 200 m 400 m 400 m 100 m - 100 m
Zone 4 200 m 200 m 400 m 400 m 200 m - 200 m
Zone 5 - - - - 400 m - 400 m

Computational Time (avg.) 330 sec 100 sec 35 sec 63 sec 330 sec 820 sec 180 sec
RMSE 65 µgal 74 µgal 136 µgal 78 µgal 0 468 µgal 1050 µgal 
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Theoretically, triangular tessellation is closer to the real 
topographic condition, where it reduces the “staircase 
effect” due to the flat top squared prism (Cella, 2015). 
The GTeC settings to get good accuracy for radius zones 
1, 2, 3, 4, and 5 are 100 meters, 1000 meters, 1600 me-
ters, 14000 meters, and 50000 meters with the step or 
grid resolution of 10 meters, 50 meters, 100 meters, 200 
meters, and 400 meters, respectively (see Table 1).

To optimize the settings for MAETEC and ensure 
computational accuracy, we tested four zonation radius 
and grid size scenarios (see Table 1). Scenarios 1, 2, and 
3 progressively decrease terrain correction accuracy by 
altering zonation parameters and DEM resolution, 
whereas Scenario 4 aims to balance accuracy with com-
putational time. We assessed accuracy by comparing the 
terrain corrections from each scenario with the reference 
GTeC at each gravity station location and computing its 
root mean square error (RMSE).

In Scenario 1, Zone 2 (zon2rad) is set to 1,600 meters. 
The DEM resampling for the far zones (Zones 3 and 4) 
is performed at four times the original grid spacing, re-
sulting in a 200-meter grid resolution. The radius of 
Zone 3 (zon3rad) is set at 14,000 meters to enhance ac-
curacy, and the radius of Zone 4 is set at 50,000 meters 
(see Table 1).

In Scenarios 2 and 3, Zone 2 (zon2rad) is reduced to 
800 meters to evaluate the improvement in computation-
al time and its effect on near-zone (Zones 1 and 2) ac-
curacy. Additionally, the radius of Zone 3 (zon3rad) is 
decreased to 10,000 meters in both scenarios to further 
improve computational efficiency (see Table 1). The pri-
mary difference between Scenarios 2 and 3 lies in the 
DEM resampling of the far zones: Scenario 2 uses a re-
sampling factor of four times the original resolution 
(4*dx), while Scenario 3 uses a factor of eight times 
(8*dx) to assess the impact on accuracy.

Finally, Scenario 4 maintains the near zone (Zones 1 
and 2) radius at 1,600 meters (zon2rad), as in Scenario 
1. However, the DEM resampling for the far zones 
(Zones 3 and 4) is increased to eight times the DEM 
resolution (dx), resulting in a 400-meter grid resolution 
(see Table 1). In Scenario 4, the radius of Zone 3 (zon-
3rad) is set to 10,000 meters to reduce computational 
time while maintaining accuracy since the far zones 
(particularly Zone 4) usually have less influence on ter-
rain gravity.

3.2. Analysis of MAETEC Scenarios

The result of terrain correction from scenario 1, where 
the larger Zone 2 radius of 1600 meters (zon2rad) results 
in better accuracy in the near zone (Zone 1 and 2) while 
minimizing the resampling factor at 4 times, leading to 
better accuracy in the far zone (Zone 3 and 4). Determin-
ing the radius of Zone-3 (zon3rad) at 14000 meters will 
also increase the accuracy in the far zone (Zone 3 and 4), 
where the accuracy test of Eq. 3 in Zone 4 suggests that 

the distance is more than 14000 meters at a cross-sec-
tional area of less than 106 square meters (or grid resolu-
tion of 1000 meters) at any height will have the error less 
than 1 microgal per DEM point (see Figure 4). There-
fore, this scenario results in the highest where the root 
means square error (RMSE) of terrain correction com-
pared to the GTeC as the reference is only 65 µgal (see 
Table 1). However, scenario 1 spent around 330 sec-
onds, the longest time compared to other MAETEC sce-
narios.

The MAETEC algorithm shows that the near zone is 
the most important zone for acquiring good accuracy, 
which can be seen by comparing scenarios from the ra-
dius of Zone 2 of scenarios 1 and 2 with scenarios 3 and 
4. Thus, the computational time is spent mostly in Zone 
2, where the flat-top squared prism is implemented. As 
the flat-top squared prism is also applied in Zone 3, the 
computational time will increase if the radius of Zone 3 
(zon3rad) gets larger. However, accuracy will also in-
crease as the Zone 3 radius increases, as shown by the 
RMSE and computational time in scenarios 3 and 4. 
Thus, Scenario 4 is the optimum setting for MAETEC, 
which gives accuracy similar to scenarios 1 and 2 but 
faster (2-5 times faster) due to the DEM resampling in 
the far zone (Zone 3 and 4) (see Table 1).

3.3. Comparison with Available Software

The accuracy of the MAETEC needs to be verified by 
other terrain correction software. This study compares 
three software with different methods and strategies to 
evaluate MAETEC accuracy and computational time. 
The first software is TCDEMF (Nishijima, 2009), which 
separates zonation into two zones and implements a sin-
gle slope octant for the closest zone (Kane, 1962) and a 
flat-top squared prism for the rest of the DEM data (see 
Table 1). The second software is GTeC (Cella, 2015), 
which separates the zone into five zones that implement 
flat-top squared prism in Zones 3, 4, and 5 and triangular 
tessellation in Zones 1 and 2 (see Table 1). To optimize 
the GTeC accuracy, the zonation distance setting, differ-
ent input DEM resolutions (steps), selection of terrain 
correction method in zones 4 and 5 (near zone), and par-
allel computing are available in the input setting. The 
last software is the commercial Geosoft Oasis Montaj, 
which implements algorithm methods described by 
Kane (1962) and Nagy (Nagy, 1966; Plouff, 1976; 
Nagy et al., 2000), which apply advanced grid-mesh in-
terpolation, zonation, and resampling techniques (see 
Table 1).

In the GTeC, the terrain correction value ranges from 
1.049 mgal to 24.032 mgal where the maximum value 
terrain effect is at the peak of Telomoyo Mountain (see 
Figure 5a). MAETEC uses scenario 4 to compare with 
other software by plotting and visualizing the result, 
which results in a range of terrain correction from 1.056 
mgal to 24.052 mgal (see Figure 5b). As shown in Table 
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Figure 5. Maps of the terrain correction calculated at the points stations are shown in Figure 2 using different software:  
GTeC (a), MAETEC (b), TCDEMF (c), and Oasis Montaj (d). The error of each software is compared with GTeC software  

as a reference. The MAETEC error is relatively low, with a maximum error of less than 0.5 mgal (e). The TCDEMF error is up 
to ± 2.5 mgal at high terrain areas (f). The Oasis Montaj error appears highest compared to other software, up to + 3 mgal (g). 

The plot showing the accuracy comparison between MAETEC and other terrain correction software, using GTeC  
as the reference. All software demonstrates high correlation coefficients above 0.980, indicating comparable accuracy,  

with MAETEC achieving the highest correlation of up to 0.999(h).
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1, the RMSE of MAETEC with the reference software 
(GTeC) is less than 0.1 mgal, but some areas still have a 
difference of about 0.2 mgal (see Figure 5e). TCDEMF 
ranges from 1.086 mgal to 24.721 mgal (see Figure 5c), 
which differs with reference software at some locations 
from -2.592 mgal to 0.693 mgal (see Figure 5f). Oasis 
Montaj terrain correction result ranges from 0.247 mgal 
to 22.883 mgal (see Figure 5d); this results in about 
0.483 mgal to 2.773 mgal lower value of terrain correc-
tion than the reference software (see Figure 5g).

Overall, MAETEC can produce an accurate terrain 
calculation with an average coefficient correlation of 
0.999 with GTeC, 0.987 with TCDEMF, and about 0.985 
with Oasis Montaj software (see Figure 5h), despite us-
ing a different method and algorithm than other software 
(see Table 1). The significant difference in the calcula-
tion of MAETEC with TCDEMF might be due to the 
resampling or gridding system of the DEM data during 
the conversion of the coordinate from decimal degree to 
UTM, whereas in the MAETEC and GTeC input can be 
directly in meters coordinate and the TCDEMF input is 
in decimal degrees. The significant difference in the Oa-
sis Montaj is due to the resampling and zonation tech-
nique where, according to the explanation of the soft-
ware to improve processing efficiency, the far zones are 
sequentially resampled by a factor of two then set to the 
average of the grid values they cover (see Table 1). Zone 
2 averages every four initial neighboring DEM cells, 
while Zone 3 averages every sixteen initial cells and ap-
plies to the next zones.

3.4. Regional Terrain Correction

MAETEC is also tested for regional data with topog-
raphy or DEM data resolution of the 1’ x 1’ ETOPO 
Global database, gridded at about 2000 meters resolu-
tion, taken from supplementary data in Cella (2015). 
The study case uses the same area as the one investigat-
ed by Fullea et al. (2008) and Cella (2015) from the 
Atlas Mountain, Morocco (see Figure 6). This terrain 
correction can be used for regional studies such as crus-
tal thickness or tectonic studies. As mentioned by Cella 
(2015), the error of gravity data by FA2BOUG software 
for the regional data is up to ± 20 mgal in the higher 
slope gradient, which is very big considering the gravity 
anomaly in the subsurface. Therefore, it is important to 
create the best scenarios to ensure the accuracy of the 
computational cost of the regional terrain correction by 
MAETEC (see Table 2).

To evaluate the regional gravity correction in Atlas 
Mountain, GTeC parameter was set for a density of 2.67 
g/cm3 (Cella, 2015) with search radius zones 1, 2, 3, 4, 
and 5, which are 2000 m, 6000 m, 38000 m, 86000 m, 
and 167000 m with the grid size of 250 m, 500 m, 1000 
m, 2000 m, and 4000 m, respectively (see Table 2). With 
this parameter, the GTeC produces gravity values rang-
ing from 1.137 mgal to 164.194 mgal (see Figure 7a), 

where most of the contributors to gravity terrain correc-
tion come from Zone 1 and 2, which apply a sloped tri-
angle prism method.

For the MAETEC setting, the grid size of the near 
zone (Zones 1 and 2) is resampled to 250 meters (dx), 
with the radius of Zone 2 being 4000 meters (zon2rad), 
to which the MAETEC applies a linear gridding algo-
rithm. The far zone (Zone 3 and 4) grid size is resampled 
8 (resampling) times of the near zone, corresponding to 
a 2000-meter grid size with the zon3rad and maxT-
Crange set to 20000 meters and 167000 meters as the 
radius for the Zone 3 and 4, respectively (see Table 2). 
Compared to GTeC, the MAETEC terrain calculation 
produces an RMSE of 1.009 mgal and needs only 80 
seconds to compute all 4716 survey points (see Table 2). 
MAETEC code produces gravity terrain correction val-
ues ranging from 0.787 mgal to 165.039 mgal (see Fig-
ure 7b). The difference of this terrain correction with 
GTeC code is considered low with a maximum error of 
not more than ± 3.15 milligal (see Figure 7c).

MAETEC code can calculate the terrain correction 
accurately and efficiently for regional gravity terrain 
correction purposes. The plot of GTeC versus MAETEC 
correlation coefficient is 0.999, which is considered a 
very good result (see Figure 7d). The high error from 
the plot is between 0 and 20 mgal value, corresponding 
to the shallow marine area (see Figure 7c). This high 
error is affected by the topography of the DEM in the 
near zone due to the continental slope of the African 
continent.

In the regional test, DEM resampling must be per-
formed to produce a smoother topography that leads to 
more accurate terrain correction. Resampling becomes 
crucial for regional terrain gravity correction when the 
input DEM resolution exceeds 100 meters. According to 
Cella (2015), down-sampling DEM resolution will in-
crease the accuracy of the terrain correction. Thus, it is 

Table 2. The comparison of input parameters of MAETEC 
with GTeC for the regional terrain correction test,  

the computational time, and the accuracy (RMSE). GTeC  
is the reference for calculating RMSE.

Zonation MAETEC GTEC

Radius

Zone 1 (Nearest) 250 m 2000 m
Zone 2 4000 m 6000 m
Zone 3 20000 m 38000 m
Zone 4 167000 m 86000 m
Max radius - 167000 m

DEM  
grid size 
/ resolution

Zone 1 (Nearest) 250 m 250 m
Zone 2 250 m 500 m
Zone 3 2000 m 1000 m
Zone 4 2000 m 2000 m
Max zone - 4000 m

Computational Time 80 sec 390 sec
RMSE 1.009 mgal
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recommended to perform a down-sampling of the origi-
nal DEM to 1/8 of its original size for large DEM cases 
(from 2000 meters to 250 meters) to balance accuracy 
and computational time. Meanwhile, the near zone ra-
dius (zon2rad) suggested a maximum of 32 times the 

resolution down-sampled DEM, which is 4000 meters 
(see Table 2). For the far zone, zon3rad was set at 20000 
meters to get an accuracy of less than 0.1 microgal for 
the 2000-meter grid size DEM input (4×106 m2 cross-
sectional area) (see Figure 4).

Figure 6. Regional case terrain correction in North Western Africa with DEM resolution of 2000 meters, data 
taken from ETOPO Global Database (NOAA National Geophysical Data Center, 2009). A total of 4717 

synthetic gravity stations are located onshore (Atlas Mountain) and offshore (at sea level), covering an area of 
18200 km2 (inside red rectangle).

Figure 7. Maps of the regional terrain correction calculated at the points stations that are shown in Figure 6 of GTeC (a), 
MAETEC (b), and the difference (error) of the MAETEC compared with GTeC as the reference software (c). The plot for each 

gravity station regional terrain correction of GTeC and MAETEC shows a very good correlation (d).
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4. Discussion

The development and implementation of MAETEC 
showcase significant improvements in the computation-
al efficiency and accuracy of terrain corrections for 
Complete Bouguer Anomaly (CBA) maps. Several key 
points arise from the comparative analysis and the ap-
plication of MAETEC in different geological settings.

4.1. Computational Efficiency

One of the most notable achievements of MAETEC is 
its ability to significantly reduce computation times 
without compromising accuracy. This is primarily due to 
the utilization of MATLAB’s parallel computing capa-
bilities and an optimized zonation strategy. The parallel 
computing toolbox allows the distribution of compu
tational tasks across multiple CPU cores, effectively 
speeding up the processing of large DEM datasets.

The comparison of different zonation scenarios (see 
Table 1) indicates that MAETEC’s Scenario 4, which 
combines a larger near-zone radius with effective DEM 
resampling in the far zone, offers the best balance be-
tween accuracy and computational time. This scenario 
achieves an RMSE of 65 µgal compared to GTeC, the 
reference terrain correction software, while completing 
the calculations five times faster than Scenario 1. This 
setting strategy can also be applied to the down-sampling 
case of the low-resolution DEM input for a regional case 
study, which results in an RMSE of only 1 mgal for the 
study case but five times faster than the GTeC code.

MAETEC also shows better efficiency than Oasis, 
TCDEMF, and GTeC by choosing the right terrain cor-
rection equation for each zonation. In this case, the most 
important part is that implementing the simplified flat-
top prism in Equation 3 (Blais and Ferland, 1984) on 
the right distance radius of the far zone will save much 
computational time yet maintain high accuracy com-
pared to resampling the DEM grid size and calculating 
all data by the flat-top prism which is applied in many 
terrain correction software.

4.2. Accuracy and Validation

The accuracy of MAETEC was validated against oth-
er terrain correction software, such as GTeC, TCDEMF, 
and Oasis Montaj. The results demonstrate a high cor-
relation between MAETEC and GTeC, with a coefficient 
of 0.999. Minor discrepancies up to 0.2 mgal are within 
acceptable limits for most geological applications. For 
regional practice, MAETEC also shows great accuracy 
with a maximum error of around 3 mgal compared to 
software such as FA2BOUG, which has errors up to 20 
mgal in the steep slope area, referring to Cella (2015).

The differences between TCDEMF and Oasis Montaj 
are attributed to their distinct resampling and zonation 
techniques. TCDEMF shows a variation due to the con-
version of coordinates and potential interpolation errors 

during DEM gridding. Oasis Montaj, on the other hand, 
employs more aggressive resampling strategies to en-
hance processing efficiency, which can lead to underes-
timation of value in some areas. Meanwhile, the higher 
FA2BOUG error (Cella, 2015) might be caused by using 
only two zonation techniques without applying a down-
sampling technique, which produces big errors in the 
higher slope gradient.

4.3. Practical Applications

MAETEC’s ability to handle high-resolution DEM 
data efficiently makes it particularly useful for detailed 
geological and geophysical surveys, such as geothermal 
exploration with higher terrain complexity, as demon-
strated in the Telomoyo Mountain case study. The algo-
rithm’s flexibility in setting zonation parameters and 
DEM resolutions allows users to adapt the processing 
according to their specific requirements and available 
computational resources. For regional studies, such as 
the Moroccan region case, MAETEC proved to be capa-
ble of processing lower-resolution DEM data while 
maintaining acceptable accuracy levels.

The input process for MAETEC is straightforward 
and similar to the settings used in Oasis Montaj, FA-
2BOUG, and TCDEMF. It requires a DEM input that 
uses the same UTM reference as the coordinate location 
of the gravity survey. Additionally, MAETEC can accept 
gravity survey data in latitude and longitude (decimal 
degrees) and provide outputs in UTM coordinates (Pala-
cios, 2006). MAETEC can also generate UTM refer-
ences for the gravity stations, which can then be used to 
determine the appropriate UTM reference for exporting 
the input DEM topography data. The zoning strategy is 
easy to use, with simple zonation in both near and far 
zones. As the input setting, it only needs the DEM size 
resolution (dx) for the near zone and the DEM resam-
pling for the far zone and simple radius determination 
techniques, that are zon2rad, zon3rad, and maxTCrange 
for Zone 2, 3, and 4, respectively. This simplicity sug-
gests that MAETEC is effective for both local and re-
gional scale gravity studies and also easy to use, making 
it a versatile geophysical tool.

5. Conclusions

MAETEC represents a substantial step forward in the 
efficient and accurate computation of terrain corrections 
for Complete Bouguer Anomaly maps. Conclusions can 
be drawn from this study:

•	 MAETEC significantly reduces computation times 
by leveraging MATLAB's parallel computing capa-
bilities and optimized zonation strategies. Scenario 
4, in particular, offers a balanced approach, achiev-
ing high accuracy with minimal computational cost.

•	 Validation against other terrain correction software 
demonstrates that MAETEC provides accurate re-
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sults. The high correlation with GTeC confirms its 
reliability, while minor discrepancies with 
TCDEMF, Oasis Montaj, and FA2BOUG are attrib-
uted to differences in resampling and zonation 
methods.

•	 The flexibility of MAETEC in handling different 
DEM resolutions and zonation settings makes it a 
practical tool for both detailed local surveys and 
broader regional studies.

•	 MAETEC offers a robust, efficient, and user-friend-
ly solution for terrain correction in gravity studies, 
facilitating the generation of high-quality CBA 
maps and advancing our understanding of subsur-
face geological structures.
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SAŽETAK

Optimizirani pristup temeljen na MATLAB-u za točnu i učinkovitu  
korekciju terena u potpunoj Bouguerovoj anomaliji

Korekcija terena važna je u generiranju točnih karata potpune Bouguerove anomalije (CBA) i nužna je za gravitacijska 
istraživanja. Tradicionalne metode za korekciju terena mogu biti dugotrajne, a mnogi računalni programi računski su 
zahtjevni. Kako bismo odgovorili na ove izazove, predstavljamo MAETEC, optimizirani algoritam zasnovan na MATLAB-u, 
dizajniran za poboljšanje učinkovitosti i točnosti korekcije terena u CBA izračunima. MAETEC primjenjuje učinkovit 
algoritam i MATLAB-ove mogućnosti paralelnoga računanja za ubrzavanje procesa korekcije terena. Naš pristup integri-
ra jednostavne gravitacijske jednadžbe, npr. Nagyevu prizmu i njezine tehnike pojednostavnjenja, strategiju zoniranja i 
paralelnu obradu kako bi se znatno smanjilo vrijeme izračuna bez ugrožavanja točnosti. Validacija MAETEC-a u odnosu 
na drugi softver i metode za korekciju terena pokazuje njegovu učinkovitost u proizvodnji preciznih CBA karata sa sma-
njenim vremenom obrade. Prikazujemo primjenu MAETEC-a kroz studiju slučaja u području geotermalne eksploatacije, 
kao i za regionalno gravitacijsko istraživanje. Rezultati pokazuju znatno poboljšanje učinkovitosti korekcije terena u 
usporedbi s postojećim dostupnim softverom, npr. GTeC, Oasis i TCDEMF, što MAETEC čini vrijednim alatom za obradu 
gravitacijskih mjerenja. Općenito, MAETEC nudi brzo, točno i korisniku prilagođeno rješenje za korekciju terena, olak-
šavajući generiranje visokokvalitetnih CBA karata i unapređujući naše razumijevanje podzemnih geoloških struktura.

Ključne riječi: 
korekcija terena, gravitacijska metoda, potpuna Bouguerova anomalija, ravna kvadratna prizma, učinkovit algoritam
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