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ABSTRACT
Topographic and topoisostatic reductions of gravity field measurements are important in geodesy and geophysics. Reductions filter high frequencies from gravity which are then used in geoid modelling or investigations of the Earth’s structure. Practical computations of reductions are performed using digital elevation/bathymetric models as input data and some approximation scheme of the Earth’s structure. The main parameters describing the Earth’s structure are crustal, mantle and water density, density contrast, and Moho depths. Traditionally, standard global values for parameters are used which in local areas significantly differ from reality. As Earth’s topography and structure largely varies, it is of interest to know the effects and differences caused by using different input models and parameters describing the Earth’s topography and structure.

Results presented in this paper are topographic and topoisostatic corrections on gravity anomalies and geoid undulations calculated for the wider Croatian area using GTOPO30, GMTED2010, GEBCO2014, SRTM15+ and SRTM30+ digital elevation and bathymetric models and several arbitrarily chosen parameters describing the Earth’s structure. The study area is suitable because it includes topographic changes from simple and flat to mountainous and complex terrain.

Differences between solutions will point out importance of appropriate selection of the input models and crustal scheme.
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Introduction

Topographic and topoisostatic reductions are used for reduction and filtering of the gravity measurements performed on the Earth’s surface. In the spectral domain gravity reduction removes short wavelengths caused by topography masses from the gravity signal. According to [1] 2% of the geoid undulation spectrum and 34% of gravity anomalies spectrum is caused by topographic masses. Reduction of topographic masses has three main aspects: selection of the reduction method, selection of the DEM/DBM models and selection of the crustal models (or parameters) of the Earth´s crust. Reduction method may be Bouguer, topo-isostatic, Helmert, Residual Terrain Modelling (RTM), etc. Crustal models or parameters of the of the Earth´s crust may be 1, 2 or 3 dimensional, therefore it may be represented with constant density value (crust density 2.67 g/cm3) in 1D, with lateral (surface) density model in 2D or with layered model in 3D. It is of interest to know what differences in modelling of the gravity field cause different digital elevation and crustal models.

Theoretical background

Earth has layered structure that may be approximated from the very simple (constant values) to the more realistic layered schemes. The most significant layer for gravity field modelling is lithosphere which includes all topographic masses from the surface down to the Mohorovičić discontinuity. Lithosphere consists from the crust and upper mantle. Crust on the continent is from 20-70 km thickness with varying densities from 2.7 to 2.9 g/cm3, whereas crust on the ocean has thickness from 5 to 8 km with average density of 3.0 g/cm3. The mantle is layered below crust and has average density around 3.27 g/cm3. IT is obvious that these average values are best global approximates which can significantly vary regionally and locally.

Earths gravitational potential in a point P is [2]:
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 is gravitational potential of topographic masses, [image: image5.png]


 is Newton gravitational constant, [image: image7.png]
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 distance between two masses. In rectangular coordinate system gravitational potential is:
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 represents gravity potential of Bouguer plate, while [image: image16.png]


 is terrain correction. In planar approximation Bouguer effect on gravity is [image: image18.png]§gz = 2nGph,
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 is the height of the computing point. Integral for terrain correction may be calculated by equation [3,4]:
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Practical computations of the terrain correction are performed with digital elevation/bathymetric models where Earth topography is divided into prisms and effects in each computational point is calculated as the sum of all prisms inside some radius around the point. For evaluation of the above equations, beside heights H that are taken from the digital elevation models, crustal density [image: image23.png]


 must be approximated and chosen.

Objectives and methodology

General objective of this study is to investigate and assess differences in gravity field modelling that exist because of the wide possibility of using different input models and parameters. This is done through following steps:
1. Computation of the complete Bouguer effect using different digital elevation models: SRTM3, SRTM15+, SRTM30+ [5], GMTED2010 [6], GEBCO2014 [7] and GTOPO30 [8]. SRTM3 has the highest accuracy therefore its results are taken as reference (most accurate).

2. Computation of the complete Bouguer effect with different constant density values of the Earth´s crust. Crustal density values for testing were selected as the mean values from geophysical models CRUST1.0 and EPCRUST.

3. Computation of the Airy-Heiskenen topoisostatic effect using different constant values for depth of condensation and crust-mantle density contrast.

These analysis’s are investigated on geoid undulations and gravity anomalies that are gravity field functionals of particular interest in geodesy and geophysics. Test-area for all computations is the Republic of Croatia.

Results

Comparison of complete topographic reduction for geoid undulations and gravity anomalies computed with different DEMs is shown in Table 1. For the study area complete topographic reduction for geoid undulation is around 9±6 cm indicating huge impact that this reduction may have on computing geoid undulations. In terms of gravity anomalies complete topographic reduction amounts for around 37 ±52 mGals.

Table 1. Complete topographic reduction on geoid undulation and gravity anomaly using different DEMs

	
	N [m]
	Δg [mgal]

	DEM
	Max
	Min
	Mean
	St. dev
	Max
	Min
	Mean
	St.dev.

	SRTM3 + GEBCO2014
	28.71
	-2.32
	8.64
	5.35
	280.9
	-83.3
	36.2
	50.6

	SRTM15+
	32.28
	-1.53
	9.85
	5.91
	286.4
	-83.3
	37.5
	52.2

	SRTM30+
	30.05
	-2.00
	9.05
	5.55
	289.3
	-83.1
	38.2
	52.8

	GMTED2010
	31.04
	-1.81
	9.43
	5.72
	285.0
	-83.3
	37.1
	51.7

	GEBCO2014
	30.12
	-1.99
	9.06
	5.56
	289.1
	-83.0
	38.4
	53.0

	GTOPO30
	29.92
	-1.96
	9.04
	5.54
	289.6
	-83.1
	38.0
	52.5


Table 2 shows differences between reference solution with the most accurate SRTM3 and other DEMs. In terms of geoid undulations range from 1 to 63 cm with mean and standard deviation values from 4 cm to 13 cm. Differences between reference solution in gravity anomalies show that differences of upt to 30 mGals may be expected in reductions. Mean value of differences are around 1-2 mGal.

Table 2 The differences between complete topographic reduction computed using different DEMs and reference (best) solution computed using SRTM3+GEBCO2014 DEM.

	
	N [m]
	Δg [mGal]

	DEM
	Max
	Min
	Mean
	St. dev
	Max
	Min
	Mean
	St.dev.

	SRTM15+
	0.63
	0.00
	0.13
	0.10
	20.1
	-6.7
	1.4
	2.8

	SRTM30+
	0.25
	-0.02
	0.04
	0.04
	31.1
	-8.8
	2.0
	3.6

	GMTED2010
	0.42
	-0.01
	0.08
	0.07
	25.6
	-17.9
	1.0
	2.1

	GEBCO2014
	0.30
	-0.01
	0.05
	0.04
	35.4
	-9.7
	2.2
	4.0

	GTOPO30
	0.25
	-0.05
	0.04
	0.04
	44.1
	-21.7
	1.8
	3.7


Table 3. shows the differences between topographic reduction using variable constant crustal densities and standard crustal density 2670 kg/m3. The differences are huge both for gravity anomalies and geoid undulations. For geoid undulation they are approximately are around 40 cm and for gravity anomalies 2 mGals. 

Table 3 Differences between complete topographic reduction computed using variable crustal density values and standard crustal density
	
	N [m]
	Δg [mGals]

	 ρ [kg/cm3]
	Max
	Min
	Mean
	St. dev
	Max
	Min
	Mean
	St.dev.

	2790
	1.35
	-0.25
	0.39
	0.26
	13.0
	-6.0
	1.6
	2.5

	2835
	1.86
	-0.35
	0.54
	0.36
	17.9
	-8.3
	2.3
	3.4


Table 4 shows differences between Airy topoisostatic reduction using variable compensation depth and standard crustal depth (27 km). In terms of geoid undulations mean differences are 0.07 for 30 km and 0.34 m for 23 km, whereas in terms of gravity anomalies the differences are 0.3 mGals for 30 km and 1.4 mGals for 23 km.
Table 4 Differences between Airy topoisostatic reduction computed using variable compensation depths (T) and using standard crustal depth

	
	N [m]
	Δg [mGals]

	T [km]
	Max
	Min
	Mean
	St. dev
	Max
	Min
	Mean
	St.dev.

	30
	0.3
	-0.08
	0.07
	0.06
	2.9
	-2.2
	0.3
	0.8

	23
	1.38
	-0.41
	0.34
	0.3
	13.5
	-11.2
	1.4
	4.0


Table 5 shows differences between Airy topoisostatic reduction using variable crust-mantle density contrast and standard crust-mantle density contrast 450 kg/cm3. In terms of geoid undulations mean differences are from 0.01 to 0.04 m, whereas in terms of gravity anomalies mean differences are from 0.0 mGals to 0.1 mGals.
Table 5 Differences between Airy-Heiskanen topoisostatic reduction computed using different constant crust-mantle densities and using standard crust-mantle density contrast
	
	N
	Δg

	Δρ
	Max
	Min
	Mean
	St. dev
	Max
	Min
	Mean
	St.dev.

	445
	0.09
	0
	0.01
	0.01
	0.9
	-0.3
	0.0
	0.2

	481
	0.15
	0
	0.02
	0.02
	1.6
	-0.5
	0.1
	0.3

	520
	0.21
	0
	0.03
	0.03
	2.2
	-0.6
	0.1
	0.4

	600
	0.31
	0
	0.04
	0.05
	3.2
	-1.0
	0.1
	0.5


Conclusions

In this study, topographic and topoisostatic reductions were investigated. Different input models and parameters were used in calculations of reduction on geoid undulations and gravity anomalies.
It was found that usage of different DEM/DMB models in reduction may cause differences in geoid undulations from 4 to 10 centimeters and for gravity anomalies for 1 to 2 mGals. From the perspective of improvement in geodetic measurements the effects should be accounted for when selecting a DEM/DMB in gravity field modeling.  

Another significant effect is the effect of the constant crustal density. The differences that may arise while using different constants in geoid undulations are more than 30 cm while in gravity anomalies it is more than 2 mGals. For geophysical purposes, constants used in Airy reduction are also affecting solutions, especially selection of the compensation depth.

Finally, topographic and topoisostatic reduction is a crucial step in processing of the highly quality gravity measurements, investigation of the Earth’s crust and determination of the precise geoid model. Therefore, the most precise DEM/DBM and crustal parameters for the research and particular computation area have to be carefully selected.
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