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En Kiiciik Karelerle Kolokasyonla Serbest Hava Diisey Gravite Gradyenti Modelleme
Free-Air Vertical Gravity Gradient Modelling with Least-Squares Collocation
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Ozet

Serbest hava diisey gravite gradyenti (DGG) hem jeodezik hem de jeofizik uygulamalar i¢in olduk¢a
onemlidir. DGG ol¢iimiiniin zor olmasi, uzun zaman almasi ve yeterli sayida bulunmamasindan dolayz,
calismalarda genellikle teorik DGG degeri olan 3086 Eo&tvos kullanilmaktadir. Teorik DGG’nin
ozellikle daglik alanlarda kullanilmasi gravimetrik indirgeme ve jeoit modeli hesaplama gibi
uygulamalarda hatay1 artirmakta ve hesaplamalarin sonucuna olumsuz etki etmektedir. Yakin zamanda
“Tiirkiye Yiikseklik Sisteminin Modernizasyonu ve Gravite Altyapisinin lyilestirilmesi Projesi (2015-
2020)” kapsaminda, Tiirkiye’nin batisinda homojen bir dagilimla gerceklestirilen DGG o6lciilerinde,
DGG degerlerinin 2306 ile 4283 Ettvos arasinda degistigi gozlemlenmistir. Bu, teorik ve dl¢iilen serbest
hava DGG arasindaki farklarin -25% ile +39% mertebelerinde farkli oldugu anlamina gelmektedir.
Dolayisiyla, teorik DGG degerleri yerine 6l¢iilen veya modellenen DGG'nin dikkate alinmasi gerekliligi
arastirilmasi gereken onemli bir konu olarak one ¢ikmistir. Bu ¢alismada serbest hava DGG, yiiksek
hassasiyetli uydu tabanh kiiresel jeopotansiyel model, nokta bazli yersel gravite dl¢climleri ve yliksek
coziiniirlikli sayisal yiikseklik modeli kullanilarak 3 boyutlu En Kiigiik Karelerle Kolokasyon ve
Kaldir-Hesapla-Yerine Koy metoduyla modellenmistir. Modellenen serbest hava DGG, 159 noktadaki
mevcut Ol¢iimler kullanilarak dogrulanmis ve 6l¢ii-model arasindaki fark oldukca iyi bir sonug olan 190
Eotvos cikmustir. Ayrica, modellenen DGG'nin topografik yiiksekliklere gore degisimi de arastirilmistir.
1000 m'den daha yiiksek olan yerlerde teorik degerden olan sapma artmis ve anlamli hale gelmistir.
Modellenen serbest hava DGG sadece jeodezideki gravite indirgemeleri ve jeoit modeli hesabi i¢in degil
ayn1 zamanda jeofizik arastirmalar icin de kullamilabilir, ¢linkii serbest hava DGG’nin Yeryuvarinin iist
katmanlarindaki yogunluk degisimine de duyarli oldugu bilinmektedir. Sonug¢ olarak 6zellikle daghik
alanlarda teorik DGG yerine 6l¢iilen veya modellenen DGG kullanilmasi dnerilmektedir.
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Abstract

Free-air vertical gravity gradient (VGG) is quite important for both geodetic and geophysical
applications. The theoretical VGG value of 3086 Eotvos is generally used, since VGG, not being
sufficiently available, is difficult to measure and takes a long time. The use of theoretical VGG,
especially in mountainous areas, increases the error in applications such as gravimetric reduction and
geoid model computations and negatively affects the results of these computations. Within the scope of
the “Turkish Height System Modernization and Gravity Recovery Project (2015-2020)” recently, it has
been observed that the VGG values vary between 2306 and 4283 Eo6tvos in the VGG measurements
carried out with a homogeneous distribution in the west of Turkey. This means that the differences
between the theoretical and measured free-air VGG range from -25% to +39%. Therefore, the necessity
of considering the measured or modelled VGG instead of the theoretical VGG values becomes important
that needs to be investigated. In this study, the free-air VGG is modelled by the 3D Least-Squares
Collocation and Remove-Compute-Restore method using a high-precision satellite-based global
geopotential model, point-based terrestrial gravity measurements and a high-resolution digital elevation
model. The modelled free-air VGG is validated against available measurements at 159 points, and the
difference between the measured and model is 190 Eotvos, which is a very satisfactory result. In
addition, the variation of the modelled VGG with respect to the topographic heights was also
investigated. In areas higher than 1000 m, the deviation from the theoretical value increases and becomes
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significant. The modelled free-air VGG can be used not only for gravity reductions in geodesy and geoid
model computations but also for geophysical research since free-air VGG is known to be sensitive to
density variations in the upper layers of the Earth. As a result, it is recommended that measured or
modelled VGG is used instead of theoretical VGG, especially in mountainous areas.
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