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Summary

Generally, gravity anomaly is the difference between the observed acceleration of Earth's
gravity and anormal value. Topography (all masses above geoid) plays a main role in
definition of the gravity anomaly. Based on modeling of the effect of topography, there
are different models of gravity anomaly such as free-air and Bouguer anomaly. The main
goal of the Bouguer anomaly is removing of gravitational effect of all masses above the
geoid (topography and atmosphere). This anomaly is widely used in exploration
geophysics. In geodetic applications, in the absence of topography, Bouguer gravity
anomaly is smooth and thus more suitable for interpolation and even stable downward
continuation.

In the other hand, gravity anomaly is the difference between real gravity at a point and
normal gravity in corresponding point where the real and normal potentials in both points
are the same. In geodesy, the gravity disturbance is defined as the difference between the
real gravity observed at a point and normal gravity at the same point. In many geophysics
literatures, gravity anomaly is replaced by gravity disturbance together a corrective term
called geophysical indirect effect. This correction is computed by application of the free-
air (and usually the Bouguer) correction over the geoid—ellipsoid separation. This
correction must be computed by application of only free air correction to separation of the
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real equipotential surface and its equivalence in normal gravity field at gravity
observation.

The free-air (FA) correction is used to up/downward continuation of normal gravity
anomaly. In practice, only linear approximation, 0.3086 mGal/m, is used while a second-
order FA correction is more realistic than the linear approximation. Note that the FA
correction is not a reduction formula for downward continuation of gravity anomaly.

One of the most ambiguities in definition of Bouguer effect gravity anomaly arises
from formulating the effect of topography. The gravitational of topography can be split
into Bouguer term, which is the dominant term, plus minor effect, terrain roughness. In
the evaluation of a topographical effect, planar or spherical models of topography can be
used. Many studies have shown that planar and spherical model of topography give very
different results for Bouguer anomalies. Also, it was shown that the planar topography
model (in form of infinite Bouguer plate) yields to a mathematically and physically
meaningless quantity. To compute the terrain correction in geophysics, the gravitational
effect of only masses up to about distance 167 km (Hayford zone) is considered. In
principle the domain of computation of the topographical effect is the whole of the Earth.
Despite the fact that the gravitational effect decreases with distance, the effect of beyond
Hayford zone is large and should be considered.

The removal of the topographical masses disturbs the 1sostasic equilibrium of the
crust. As a result, the equipotential surface can be moved up to several hundred meters.
The indirect topographic effect is defined as the effect on gravity due to removing the
topographical masses. The indirect effect of -topography (ITE) in Bouguer gravity
anomaly was first introduced by Vanicek, et al (2004). Their computations show that the
numerical values of ITE can be reached up to 150 mGal in mountainous area. While, in
most studies, ITE does not take into-account and only direct topographical effect is
considered.

In analogy with topographical effect, in the computation of Bouguer gravity anomaly,
the direct and indirect effects of atmospheric masses should be considered. Usually the
gravity effect of the atmosphere is evaluated by IAG formula. This formula considers
only the direct topographical effect as the correction to gravity anomaly. The indirect
atmospherical effect is not discussed in this context. In this study, the method proposed
by Sjoberg (2000) is recommended and applied.

In order to investigate differences between classic and new Bouguer gravity
anomalies, numerical calculations were performed in a mountainous area bounded by
35° < @ < 36°, —106° < A < —105° where there are 2385 land gravity observation. The
classic planar Bouguer anomalies were computed from

Ag® = g—vy +0.1967H + tcHfd

where g and y are observed and normal gravity, H is the orthometric height of point
and tcHfd is the terrain correction computed up to Hayford zone. The new spherical
Bouguer anomalies were computed from

Ag® = g—7y + FA+ DTE + ITE + DAE + IAE

where FA is second-order free-air correction, DTE is the direct topographical effect
(spherical shell + terrain roughness), ITE is the indirect topographical effect, DAE is the
direct atmospherical effect and, IAE is the indirect Atmospherical effect. The results
indicate that there are large differences (over 100 mGal) between classical and new
Bouguer anomalies. The new Bouguer anomalies are less correlated with terrain heights.
Therefore the planar model cannot completely remove the gravitational effect of

topography.

Keywords: Gravity anomaly, Geodesy, Geophisics, Bouguer, Indirect effect

aA



a4 i85 563355 3 & 3 Bl 8 yln g % 3 Al

o3lial US55 en 3 s pE sba ST
3 g oo

2 el b g Jome 1S IS 55 o3
Gl Ol ;s Sy Ll ol o 1l
23 S ol 31 (83385 53 Sl o LS G 0L
sy I J bl j ol olma o SLOsS
s 30888 O 5 o) 35 g oslinal
5 00y Kales Sy L3l slag,luia g Lol
US55 e 53 G p ! 15 s T Il Jls
Olidss 4 Olg s aw) opl 5 &S
oo OLSea 5 555 T r S 18856, k)
3,5 Ll (Y00 gy 5 Kl g

25885 5 85055 b ks e Gadlas dlllas |
& g Bl (Soloin g dnlon 5 (%5 )3 S ol e
2 LS G G s ool Sl
S sy oS ol Gl 5085 5 S s
ol w3 e Sl ege dlex
15,5 o)Wl 55l ee 4 Oly kS g w3l
SMEs dloms 0325 5 e SIS Ols DS
Vs S ks
A GE ol 5 G5 Golia g Ol Y
Sl pgmgn & 55 55 55 ks
o o3l laals oo ¥
el B ay oS o ek Jbe F
S35 by Glamio
SIS 55 Golseal lambs o 0

S bl )y Slde aad opl bl b
5 SSe G s el @85 Sy 3tk
385 el s Sl ok mw (Y40¥) O gyl
gy &S5 0315 Ok |y 3l Solia o (S8 s

RIB|C CUNPRIAN plr G 2 58 Ol oL

adde

Oled o3Il (e 1,8 Oldse gmy p sboosls 31 S
S o3Il oo Slagin SIS LS ol s SIS
S S 4 e IS Ol ledile sd e
Srie S8 Ly Jlal) (Glubes) e Olds
S ol o3l slaiaS ple jsbay 3,8 0 Oy g
) SIS Oles & 51 ey SIS Ol Sl
SBEaaS (i ) disde edal obma o
@ o e 03 e S 4 Ol5 e ol
5555 85285 0 ar Frasse Sal I S s,
CoaS 7308 23l olma g o ol )3 el
o O Sl 65355 5 55285 53 edalie 6
Lol (V) Alasly ) somts o3l (5l g Sl ool
Ag=g=v )
SIS ks Il G ey s g daly ol s &
A3 LG8 oS i n Ll Jb i Slalia
5 S (S 5525553 GELE Dlbp B8
Olge ol ol » & 3,5 o0 Sype 0T dndin
R D P e .
SBinS e S N € Dl e
ol ol LSt K sa 55 5 eslimul )4
e & (Sops SIS a5 Bl ol
Gl o (6,8 oslul SIS ols I I sdes
SOl & g il ghlaia s s 1 L si e
Gor 5 WS ns Jold) 4555 GV slap = (3l

sl

PR

LIPS e Sl 23l olma g 5085 S

A Ode L Sy il oy 8 e e
S P R PR G T B S B (P
@lralr Sob w8 G 53 DBl D3, e
Olje 4 L3555 glralr s 53 5 Jowilyer 7 s

SIS LOAAY (O gslalas g) 558 0 e Lo L 55>



Ak Q)Luﬁ&f'a)jbsLééjw}&}}mm \oo

sl G5 ol oIl Sl dle (g lia o
SIF O 53 Jley GIE Sl 5 Al e
Y F 0L 5 &S y) Col b
Ag(p,A,H) = ")
9(@, A, H) —y[H — Z(p, 4, H)]
U oly oWl soles o Z(@, L H) aaly o) 55 &S
Joily b dbe g (8l Joiliyan b 95 o ol
e Uy e Ssles (1 JK8) cul 0L
A el SIS oks Dbl Ll (oslia s
SIS Ols sldd 55 s by GIE s I i

033 alaly 51 015 o 15 L 53l e kool ol e

1V (S S1S7 5 SKoess) 55 1y 5
_ _T(pAH)
2o A ) = o) ®

SIS iy, M) iy glamin o T OT 5o &S

sl (o) U edle 5 G1F Jamdly 51 W ¢ pne
T(p,,H) =W(p,A,H) —U(p,AH)
S5 s 3 a3lizal 4 56 Z amelons 51y (F) sl

$3Z < 100m ke S5 w4 5 L .(VAAY () 3yl
el SIS 51 1S5 5 slizf el X —03086
oty 4 5L (1) daly (o3l (olnia o Al
HY aoilin VS @ 5 busyls ¥[H, Z(@, 4, H)]
Gl Lo $Sg S Syge 5o il Jbj gl
q b 3 Y(Ph) #6554 Lo 5 U5 o

Z('.l)deN ~ dh gﬁﬁ\{..’;b.’m‘(ﬁ%éj)

ay
£|QH},V)/(HN) = ®)
62
Yo+ ], G+
GQT‘)AJ
HY=H+N-Z #)

ST len i B aal, Olatie awlbss
QY Gy ae 5 pn) el e

Bl ol o G s syllkl &G (Yeed)
ol el eld o Js K el gl S,
5 S355 Sl b osdae 3)lse 53 s,k
Slamios Jio ) Ol s 5 Sl (335 55 (S0 5855
el 5 45 LS o oslinl 31 4 5 B sl
Goid 53 Baly ol 53 S ) (B 5 Loy
A 30 s e Slelgl Wl ol aw LSl
Gy solbkal doly 5 Ol &5 o3l (g b o

239 ad e OT Ca o

& 5 3l Syln g 3> W Y
0 5l e Bk SIS Sls lie 5,8 051u0 05l
e s 5 g Glagie g1 8 S8 4 IS S
Ahele sl S d s (VAN S5
Ol e&aws Sdeds y obS sl s
OT Wl 5 Sloebans 5 il onls &85« Salus 55
L1480 oSa) 358 00 Bsp CE5 4 Bl s Csl,
Golmirg 383 A Ode i ol 5o b
O L Slowmss 5 Sljl aen 35 L5 5 L o3l
Il gl By ol S Cl b ol JE S
G 5 S Ol e (LS Sla o
Sl S AS g5

5@ bls 18 Ol o5l & (S o 5 b
lly 53 1355 6 abal o) T & sl i
JoE by sl ek (H Jsole bl
Ol b a5 Jbj 5 s I8 ol o)l
HORPY (i sn 5 Fp) 355 g okl 3l

6g9(p,A,H) = g(o,,H) —y(¢,H) )

d}.la 9 u-ﬂjc \.z.;ji’ A 9 (p Céﬁ (“) Abb BE
gyl gyl H oy abis (Sosg) oWlaer
Lol (J8la bt glinly 53 A5 65 U ales dlsb)



5 .5 Gy E 4 4 . 2 x -
K555 563255 35 8 3l Sylmia g w55 B

u\:\}?d‘w )}.L; S @ ,hw )\ oalau! (.LQ‘OJUALA ]/(HN)Z]/Q+FA=)/Q+ (V)
alos Gl ey S ST als 1y e3Y s L1+ f +m=2f sing)h +Lenr?

) laa Ol (63355 eyl m of s &
fo Usal 55 S0 5l 35 o & adlr o8

r)'\( s (V) dal, ol & S j:,:.a

gBs oy Golspakd s | Y(HY) laas
Wi Syim Slae oKiws 55 5 (Y00F) Kl
L szit.a Ly, alin poa .Cwl oS

Gty
Cewsas (Yor) L,61S 5 oYyl 1, JE 5L 38 sl ) 5885 5 65085 eeon 0
le )| $5355 52 W Sl sl A r ealp
B0 Vu? + €2 K+ Q? o
) =
Y JiZterzsing | 2K@? +¢€2)
2

a(Bu? + €?) cot™! % — 3aue
+ (u? + €?) sin frcos B

(3b2 + €2 cot™? 2 — bE) sin 8 cos B

W)
ny
GM 0%a%e(3u? + 2€?) = 9(u® + ue?) cot™ 1=
K =|-=——=—-(3sin?p -1) €
u? +€? 2 2 1b
3(u? +€2) cot za —9¢b

+ 3uQ? cos? B sin? B

terrain

telluroid

W terrain in
IIL [ h ||' Bouguer space
II g II HN
| g4 |
| | |
| | II
|II 'I |I
Il' .'l ;' Geoid
P - II I,———___'_'_____.—‘_—-
N Hid
Yo

.&5\?6)@&;@)&)543))54{4““.\ JS..::



Ak Q)Luﬁ&f'a)jbsLéJ:j;ﬂa}sS{).}mm \o¥

ST (glsn GL’ et ol Q\:_;\)f o S B
Solrid g 8 53 gl OV S e as
Coge gwb 4y JEl s b g ST Gl
(Y O gty 5 Saa) 5,8 o

) o3l Ol g oladl 4 &K 55 85 0 e 51 (5 5 5
S8) WS o 5 (o3l (Golain g eSSl
S oladl cpl by gl Sl S (YooY (O
gld OBl G 6 i | ey pos
o (V) daly Spsoa ASs) l Gadn S a0
OLSer 5 ojule) wS o 6lol il (g b o
(VYA (s g g e Y00

ind _ 97 .
6g _ahN )

Golrn o 5 il Ole g Vol 4575 87 o) Lal L bl o
O Ml sl e gdle s fiee SS9 o3
() daly 5o ol Ol JMRe plp 5o CaeS™ 53 0l
Jles! 53 ballie 1 5 5 53 SG) Joume 2y Aal
0Ll 51 s5T lea 0LsL S glea (()0) e ol
355 oo 05lizul (=0.1967N) &,
(2bdd Sbadge laalble ey Loyl
b b SSap) gl el Ol GPS o puast
slgiy Ol 31 S 14l VA‘}B 6’9\5 3>
Wil oo glra (23l Ol S I eslinal
S o e Iy K855 5 i8S Slide s
0 @b S ol s &S (YooY Ol s T ls)
5 S gl gl 0l 5 ause, SueS Rdls
A58 85 ety Jl el oMo D Ao 85
Ol oS iy 5 53 35 (F i) SIS 515 5
Spr by B a4 gl s sh e Sd 4l
L3 g o LS))TC«-‘Z'Q}{USLQ\QJ% lresls
a3l Olo g 5l 08 Ol 558 i K55 55 i

el ok b a3l 5yl g

sl 45 (¢ g Dleins (U, ) (A) o 55
Iy s 01393 Sl sl o e Q 5 € = a® — b?
Sl 1l Wb ST de abaly Sl eslazal gl .l
o= Blsy oS b (U, B) Slase | (@, HY)
(VA%Y) (55590 9 J&m:.h 55 Olatbe oSiws s ol
el oS 054 5T

gUsl csloslsale Cllamd se Blole 3 25 L 05y 4
S 03Nl &S el i) sl 4 bl (S5 55
5 oo oslanal (8) abasly Il ol js 555 o0

HN=H-7Z CY)

23S acloes (V) gl 511, Y(HY) 015 o0 aslin ) sbes
b g5 gl SN—Z S i
A e D i 5 (Sl Ay 55 ad 4 p s e
Jo &S5 Sl OlFe 1) S pl ldEe ey e
Olgier 4n) cpl 93 3581 Comnnty Kanles 315 5 5
Yord O 5 555 9480 of L 8) Olidss 4
Fore OLer 5 deze Y8 Jesys g5k
Z S o s 35 wnrl e ()0 550
A lelsale Joudly 85 e & 51 () iy o
ol Ol (Yo oA Oy 5 e 51) EGMOS
sl 23 olia o ) (7)) o3l (golmia o
@Y 53 Y(HY) awslows 55 155 tduba 5o sl5T
sshe opal A N sy s e
P Sk S (6l e &S5 15T (615h s
loes 8 ol b 3l Sl W3l OliE
el S Sl o3l Ol el 35 0Lsl S
50 Jsl Zsl STl sl 258 25 A8 (o
S04 S oI gl Sl @3l soliag onb «
035 e o3 Yas &S ol Jl s ol . Conl A3 655
o 65 s 3 o8on A3 g5 VL (slap >

slad 53 (plwlen ol )13 Do o i



vy Ko 55 563355 13 K 3l S ylmia g iy i s s

Ag(p,A,H) = g(p,A,H) (\0)

—y[H = Z(p,A,H) + 6Z(p, A, H)]6g" (9, A, H)
~ g(p,A,H) —y[H — Z(p, A, H)]
+2L527 (9,4, H) — 89" (0,2, H)

P
~ 8g(p, A, H) + %62T((p, A H) — AT (¢, 2, H)

oz w31 S g L3l (olin o &S L3 Ol e
GIF 55 e HLGUT (652) (3l (o olemin
(OTE) AT 315 5 i 71 5 L8ZT (TE)
O it e S Ygeme Sl otd S
Ot 5 05 35l & g ol g draloms 53 SIS g5
awles 5 dme (YorF) 0L 5 ¢Sy 1y I
Ny

A e WS e J Ol gl
U b BS 55 3 Godn 5 635 (lomio
A > WS ng o B 1y e
ol 38 o o3lital (65355 5 S ph 85 es sla,lS
988) NA8A 3Y) Sladios elul p &S Sl Jls 3
A ERY- I BT COUNRPRPSTHVAN D) (I PCOM PR L 0N
S 55 Glaomio oo (Y04 O 5 T
3 gh o dsloe b gy 6K LS8 S5 s
5 Sonss VAV (L) Sliaw plaly Ko s aw
ot (Yo LK 5 Sy ) 0L
3 el Bds Ll 5 Stz 38 g 5 (Sl
GV Gl I Bl) Sy oy
Olas (Yoo ) 0L 5 &Somsy S il 1 (Ao 55
Gl by (S SIS &y (g lomin o 45 Lsls
Soln g ol N el (S e
2 SIS E gy oleia g w555 VU SIS 55
a1 0T Ol5 a5 o Knler A3 55 (sYL (slab
DI w2 sul:l‘\lg.:fl: Lg)'f)h&ndﬁ.w:&f

3] u.i'U LS’:l’ ol (Gl o & ) J\:—,&m

‘\fﬁ d)\? gsj\auh‘_;g e
Bl Sl Ol oSy ol Cum Sl Coda
LS‘J" ) 4.194‘) S eslaal \a el ..\:jjjj Lg‘YL L;Lb(aj»

v.ﬁ_)\}ﬁ\f}:é)wu’—vd{ﬁ

Ag®(p, A, H) = g(p, A, H) — )
YIH = Z%(p, A, H)] = 8(p, A, H)
clas 5 oyl b o ZB dal, ol s
el gy W SIS s O S8 Sy
SIS 05 el S el a5 BB S5
Codse 9 Lo 0r 4 ) gleler Dl
I A i
Golua o Sy lad s & il gl sd
Gl g S dal gk Mie Oles 4 5 o)
Wl G Sl e Al I Sy ol
Loy

TEB (¢, AH)

) __TReAm
270, A H) = e A

\Y)

Sy sl 5o il Sobas TPl ool 5o &

1wl

T%(p, A, H) = o)
W(p, A, H) = U(p, A, H) =V (p, A, H)
=T(p,ALH)—VT(p,AH)

by Rl b i) 1S 55 3l iy VT

s ual g (V1) ey 53 G

B _ T(p.AH)-VT (9.AH)
Z2 (g, A H) = y[H-2B (9, AH)]
__ T@AH) v? (OF)
"~ y[H-zB(pAH)]  y[H-ZB(p,LH)]
~ Z(p,,H) — 827 (¢, A, H)

eols (1)



A Q)Luﬁ&f'a)jbsLééjw}&}}maa \of

S 03 Dy peeas (Y100) 618 5 oSy
Sop) e .l B S 55 51T dalee Sl
LOkws S )5 e Sl ) g US55 e 53 e
(Y F oS pd) Col o 318

3] (,.pl ladie aan () gyl gonl 4 a5 L
@l S lS b Wlg e Glamio b gy S
(DTE) 315 55 oo f1 .S Ja |y 315 5 5
Site 3 ATE & 5wt /i sdas e K il
(sl ATR (0T & s 215 50 5 0ile 3L) (5,1 5anl
AT(p, 2, H) = AT (o, A, H) + ATR (@, A, H) (19)

Lilgy 5l oo Sy g s i o3l i
S 55 Golseal 3T s st OA) 5 (19)
€338 3 ol dclous J6 gy L;Laufa”a.:ATR
haloen 53 (VAYR) Ll Ggse 315 05 sbasd
Sladde s 4 a5 Loy el Ao eslinul JI 0l
F s IS Sl okl L Ol o 3b5 Sl b pn 8,
23 (3 sl Slidos 3 S dlos | 0T 385 5Mas
b 5 sode Sl by ) pl avla o 3 e
Sl IS 5055 0 g ka5 LSS
o5 dte o 31 sy 58 5 EK 5 b a0
Sl FeHE 55y Jaagles 5 SIS 55
e SR 538505 ol S s J&
s VB TV (e s SKa) Slidsw .l w5
5 5 YeoAa S 5 Caglie YA O
5 sl Y O 5 g Y0 O
(VY (IS Y Y Ol 5 555 Yo (S S
ey yd cda 4 Yoo b Jle Sl sl Oladss (I galdas
ol S E g5 sl

o8 SIS ns Golsmal Sl e s ol &S
S35 L Glamio Jde Sl eslamal ) sy e

L (g ok 4 o) amio S L JI S5
P lwge JEs s H sy pe bl plis,l 4 Culinss
SV e 5 Flan) 558 o Jole

APB = 2nGpH (\¢)

I ol L a8y L3l Slid gode liis
0.1119H[meter] I, p = 2670 kgm™3 L. s
Sldie 487 uSsls oL (Y1) O 5 ¢Sons g .l
S g amio b 5 YU ol (sl & 2nGpH
el 48l s 5 o3l oles 0bsl S
S ol B iy ¢SS ki (V) daly iy oo s
0 AL 5 e ealial OT 5168 5355 5 550585
V) adasly &) soas S oast oo &K (19)
5 aple VNP ( (S S5 5 $Samis) 35 o0 6L

KA ERY IR BN

2
SAB = —8nGp = av)

LS}; e Jaolas d{g-}f c?u.aj ol L).s; wlol
i B S 55

S 05 3 U @3l St e S B
OA) oy 51 Olgie 1) 635 amy &S JSia
QVAAY O 8l 5) 3,5 5T Casa

3_ 3
ASB(H) = %nGp (R (R+H) )

R+H)? OA)
Sopes AL Ol L O
Al ol aulie b 2 5 ASB(H) = 4mGpH + 0(2)
35 L (65,5 wng 3l AU w3l Okt ((19) dal, |
VRS [ RTINS PRCON P - PV P o3-S
030zl .ol 6555 Sl (Slamins 5 (55,5 Jke 93
3355 55 M S m5 H alons (611 S sl o,
b Ol 1y ol ol o s Jseme K58 55
e 035 S84 5l (B0 o ) Sy s el O35

G ol s Cils (g Sl 315 5055 6555



Vo K555 5 63385 53 & 3 Bl Sl g % 53 b Hlx

(oe) dibis o3gdons 4 (Ko SlEST S35
oo by wlde 5 Vg 5yl (Slez L 5 (sladlets
b kS Wesls (55, 51 i slag e Job b
Soypo 33 g NS s 5 555 sLOs; S sl
SIS 50 Jole Lps e Lo s 0313 (55 Sl drlous
ool ol il 31 S 5 5 s alaly ol s Kos
gble 53 (Y08) LK 5 Ko Se Slidss
S Ulses o slagiludis o SheasS

3,5 e S5 55 550 sbOs S

bl ST
Y (slap o a3l 1S g (slomian g oy o5 3
Sl lons gl T 5 S 5 S el A5 55
(s b 3 s 3 Sl 55 315 5 5 Alen 350
Lilea 55 T @3l Syl sy T 1 GG
S b 5ol sl 15 S 934 S n s
Ll (g el Olas odas o 457 o 5y i3y i
obks cr.:?lsdaaf)}lodb.a g oSl S22 sy G
M il o )y 65,5 a5 b > (il
dewles |y ) (ol genl I (B0 o3l 1L L
s

T Pl Sl Mo sk (1459) pleas 5 S
L S sl JSSI s Jaed (sl 3l solmin g
53 ikl ey &K Wi 4 By ol L3S e
o3kl 3,50 GRS80 5 GRS67 Jbe 5 sladibe L m
Sl E(0888) 8 L en (VAAY o) S35
u;)\;w)tai;ﬁu@;\\)}w,;)ﬁm
b o 58 awles SIS 55 s sla0ls
S 3 s DB S eslizal len sz ¢ B
Coge (Vo8 OLSKea 5 455 Yoof ( adsly)
S Sl iy, Slidew ol el @ f

VD b spba il OEB G geiesd

oslial Ll by oWyl Ol i b Sl S bl
oV 3 e B L S s s sl
b oo o8 sladibe 3l oslizal Spp )3 ot
sy B ns o palie pedS ) L 6
Slamio Jdo 3l oslizal s dial s ¢S5 ST AObela
Jo 53303 (53,5 e 4y i 5 S SIS 0 5
Saalin b 5 spdome slaadlie Jgya Fas IS
(V455 (2 b) 5505 350 5 Jdbow Ol g (5 ie) oaSKa
Gl G JLK 65,8 dde Sl = 3 ol
23 a3 eslial gyeplil S (o Ol
L .oyls Olslp 350 (318 5 5 ol senl | arlons
Joolp 03 Lo SISy 5 (i o 5 Sl 4 4 5
L5 (g5 ol S el 8055 Cosdly 4 S S
2 oes s 1) 035 sl bl g e
Geils 31 Ol o S 53 355 g 0slinal (G155 5 S
QLG 5 555) 38 o3linul (53,5 5 Glaominr Jula 5
Yooy
B3 Ygane Cowsygn Gble 315 55 o3l
opwﬁzﬁ)aduﬁ@ﬁ.;,@wwwgt}fﬁj
0354 pamsn fin kS VPV plad b Slinloms (S35 55
! 0880 G 5 3,446) 3,8 o Sy 550l
by Sl o IS 6,8 I aials oS ol o s
Sllons U505 (B E 5 J1 S hsbpar & x5
SSg) Olanlome 5,8 a5l ol aibale 4y 3 9uoes |
5 YoAb SU s ol Y Ol
F ol LS 5 55 Y O 5 K S
Ghle S 55 3 g S dase Ol (Y1)
035 s o by sl S5 palis sy
S A Cwsyss bl S5 e o
slddos 53 5 Sl wh Gz Jb e
il glabSe LB 51 ol oSen SLaST S5 55

Sldlos 53 Cawzjyss bl 1 618,50 sl



\vay oy o)Ld&f'a)j)‘ij};&}}M \os

sl do &K BT o )l sy 035 Jlesl
Lo J&o 5l LB (Bl @lls sy elbimes
S ol g ool 53 L 1550055 e eslinal aabie
Sl o b b £y i bl
Gl (YooY ule) uS o olealy dibate 53 J&
b o8 Sladie Sl o it 8 5 oitens 51 dulons
Gl el V gl > i eslinul 4ids O 5 ¥ ¢L?
5 PS5 ke b 5 s DIl 4 by e (T
Sl oo 7
ST Glgr SIS g adle ()loin o dloes 1
5 Sk el S5 4 ) WSS gMe s
A dloes O 90T aibaie (gl Lsé..)fﬁ:}; S35 g
Lds oslazal (V) daly 51 55T (glsn 1 awloes (gl
gyl Sl b6 55 sz e gl Sl 4 4y
b ) S Ol gl w4 S g 6 s
Je 650 CaST ) a6l el 355
45 el i 53 B g 4o SOIG 6 315y 5 Sialen
BLS1 Bl ¢l 4 gl ol Ol o o3lital Y17

R

a5 N 2400

2200

1800

350N
1600

106.0 W 1055 W 1050 W

Min=1499.091, ol il SIS,y ¥ K2

Max=3282.710, Mean=1967.948 and STD=
311.355

Wl JE a2/ 51 208 53 T et 1 5 JE s
OLHSen 5 ojuls G 31 05,8 Jie gl ol 2 esde
by plae 5 S Jou sy el (Y000)

iles S slgiiy 1) (Y0) alasly &)y oty (Slosls
§g* = 0.874 — 9.9 x (Y+)
1075H + 3.56 x 10™°H?

Gde Oluwle D
L g SIS Gl gy gm ke O
3 gdomn o3l 0313 YWAD sliws (gl S 5 (g louia o
—-106° < A<=105° 5 35°< ¢ <36° aiku
Iy 0T dikie 318 05 ¥ S8 .ol okl aculoes
REE olis

Sadin; 53 B8 55 4 sl 5 ks (1 mnl 31
a3l oal e 58 LSS ) sy
VO51 S ol 2w s 35 a0 ¥l 65
64-'%('-:**25 =3 F LY 5am o ¥ U aids VO cards
B Y pre 3 pod WJol gl jise gl s
Shuttle Radar Topography Mission .8, lade
eslizal 4id> 0 5 436 ¥r (st ¥ Glapl L (SRTM)
v Bl el (s GBS as Sl e
Wl ol B o OT L deles Canle e

S e S A s s S o 5o
Slasles 55 M (55 ol .ol ol aslizal (Y/7V)
A5 S5 e 03 5 83055 43 S e 3)ls dlas
ol ss gt bl e Sl I e e
el 03 ey p 58 e g L 4 A S CL&J)\ SRR
L5555 e S g s lrein g delns | Coda Al
3l 4 @b Llal 55 65085 Slades 55
S ) e JE Sk 038
Dk 03,57 s $K5855 s eI S
Slp S p e e Jos 03 ey il JBs



v K555 5 63385 53 & 3 Bl Sl g % 53 b Hlx

A<¢M|,~.‘CL;;JM,,J@&LA»\}M)@;@@W@_:g,,;);o,u;,dy,@!ﬁﬁj;éudfwméuﬁbg_ N Jga

S Sl il | o 2o o S
284555 | 1939.69 | 3429.61 | 1500.5 S A
37.961 | 64.044 | 242167 | 232 (58 b S35 sba0s3) SIS ns @olsenl S
30.658 | 444.739 | 605.822 | 397.624 (o2 sL0s3) SIS a5 solseab S
37.085 | 63.116 | 235.789 2.63 (sl 053) 1I67KM G 15 5 5 (5] gonl I
1178 | 140.739 | 142.79 | 138.104 S B 5 s 2 S
0.004 1.699 1.708 1.692 3 e 28 S|
0.083 | -0063 | 3778 | -0.205 3 s |

0.024 0.696 0.733 0.576

IAG 25,4 ‘s poiioes 5

Ao Yoo bahie oG Gl Sl ol Sl (S
O Ml JE o i Lo cplis,l oM
Sl ol )8 5 e sla ulie js cals
2Ly i G5 S oS el b 5 LolasT]
ABL sl Sl 31 Sk S 8 ik

aly Y5l oS i€ U5 T 3l flnyse 3
A Sl 303, dlone g 20 1y T SHIAG
7B @l e g et Sl Gies Sl
by Sl Ol oo 5L I ks WS slie (gl yls
33 9 @w@‘f}ﬁ:ﬁ (aliS glas )8 s &S
AL oS |y e BOT S lie s S 8 bl

A el 5l desl gl Sl os,se o
S35 4 4 5 b 0T 36 lde (658 55 odtens
Mo o iy (S sbas Lol oS (o &y e 55
adee 5y .Sl 26 Yl s N-Z (gl ezl 5,50 (g4
b oS Sl 2o VO LB OT e 55 s 2550
Ovr agde b Shw ol3T gl OLsl T Cluzs|
LS Col Jbo 3 ol ol s sl 1) JE 5 S
BB 31 ol SbLaSTT s sy g adbaie Cavg 4 4 5

oo T Y Jgu 3 Bt Olwls ol sl zal b
GobT la eyl dada cpl 53 cpl 5 oesde .l

Ag? = g —y +0.1967H + tcHfd ()

teH 5 chan oy, Jb il ki y aaly ol s

RRCU GV AN K. g ¥ 2 VA R [ gV PR |

Ag® =g—y+FA+DTE+ (Yv)
ITE + DAE + IAE
9 ('.:.E:..Ma ol s 4 IAE 5 DAE JITE {DTE
G J8 Gl it 53 S Sl 5 S 5 pdtee
s T
O Sldes ol NU Jgd b bl
Coad 315 3gmy Lo 5 DS & g glin
g 5 &g ok Ol Gl BL Sli ) e
LI -1 Hrac), T2 £33 4> 43 el 4?}.1 s S

S il sn 0l Ol i )l B s 5 s S



Ak Q)Luﬁ&f'a)jbsLééjw}&}}mm VoA

5 olre Ol Ghyls L & lagslin o
Golbiag b 3 53 (S Hlew Slis auls
3 Sl alis opl (F 5 ¥ ola SK8) itz oSS
Slp ol SIS 5 J O 3 gy ol ol
Lk o s (ol g (Scar s b 4 15 n 4 g
ol 0T adlate 53 38 o)Ll plis,l b <SS
Slp s =Y L Sy oy Gl o
L W JPRCIM IRL PR UL G, L g S S PPN
Sl o b M E 55 e 6o (Samen s 5
S w5 J 5 S & 505 5y SKdS S,
Kisad e 8 ol I 3l Sl ois e
Ll a5 e € g Sasslen s )
Solmia g &S bl 5 IS g5 1 S ol
033l oob) ol ($3355 5 SKgE 5 3 e
wr Ol SEmy I S Sl L Ol
sl S S Dl 4 bl Sl (ol
L o3l olming 6 ol b Ol on ioran
o3l 31 Jb Gble 0557 5 55 0T crf S,
o) 035 e SN S5 e 5 Loy 58 el

.w:yQT)U%liL;ijéJLE:J\Lg\jLs)lq;ud

el 0357 i e

LG8 slacal, )3 oblwise oyl
@4y L .sﬂf@ O yse GPS L5 slas slaabla
S Ll s 1y oKas g5 gLl b rey ol Sl
Sl Z S 3l 4y (K58 55 aiene o 51 (o> o8
2O, warmg b Oyse ol 5 (V1) 5 (F) Lly)y)
4 Sl San (S58 85 peliens b S 5308 0l
Z oS Sl 4 a5 bl ey o JE s ki
b el 5l ok s S U5 o cailate )
3 gl 53 86 o |y (S50 55 (Ss s

Siledde bt (S35 653585 Slabe s
b A5 dde ol sgbtens 5 ) (23l Olee (e
polas L 38 gladd g0 aen ol (aj\( Fesle Cds
L Jlesl 5 anle J\fjjg.:a Vool J.Tg)}! dds
oo Sl (Sen Dl it S5 G e
oS Dl g Syt 5 LBl A Slag e I b
Siladde (65355 53 Susssml bl ails 4 5o
3 A5 sl 1) &85 sl 3 3l Ol o
5 SasS Galge s3d8 palie (oshS Vet

(ol 2o JsluaS amly 5 I s Ladl s ann) bl (g lowin o i a5 55 sline glaadd 5o (g Lol (sla el L .Y J g

s Sl heg iy
0.278 0.623 1.627
87.778 -598.543 -463.042
31842 -217.051 -167.906
63.658 -434.085 -335.823
14.109 -237.873 -199.619
33.054 -162.461 -29.483

0276  HSs5ad 5l 45585 ol
-1057.84 sI30 slsn 31
-383.773 Sy S
-767.341 S 535 S
-283.049 wdx Sp sy
224,936 <SS Sy solva



V.4 K555 5 63385 53 & 3 Bl Sl g % 53 b Hlx

B I g g e g
b gLl p sgda Sl eslanal b Sl (6 gl 9 A5 55 oy
le;u dﬁnﬁa)bl CL&J)\JG:JB- ).sv.:a..uT S 34y
aiia Ao (Ss55 plisy oS Al 55 a5 il
Sld b ol ST (Glsp ol opimen LSL
Sy s a5 p Glader U o5k (4 dbj (23l
.M:%WJCEMJ:LLE
Sy Olbl S5 ss clseal e
@Bl Ol Jedliyon #lan glralr (SIS 55
LIAG sy ppoped o (oo g (pektins ;8 51) e
amglin T 31l 3 5355 IS 3l eslizl b
M;@OW@MﬁM&Qd})é:»@t}.M
S 5 L S solin s o $3L) Dl &S

AU cslem o 90 pl e Sl edee 35l 5 g
Adlsl s &l Glra €5 655 vy b
S 515 0l (g3de s Sl (B8 s 5 s S
Cabge b L S5 Syl 5 WS 55
S la o S gae pdy (Sl ol Jde (6
Sy sbgung b o > JSant S

@‘c\ﬂ&ﬁ)@&‘ﬁ:ﬂ‘b&%

&l

Ardalan, A. A. and Grafarend, E. W., 2001,
Somigliana—Pizzetti gravity: the international
gravity formula accurate to the sub-nanoGal
level, Journal of Geodesy, 75(7), 424-437.

Argast, D., Bacchin, M. and Tracey, R., 2009, An
extension of the closed-form solution for the
gravity curvature (Bullard B) correction in the
marine and airborne cases, ASEG Extended
Abstracts, 1, 1-6.

Chapman, M. E. and Bodine, J. H., 1979,
Considerations of the indirect effect in marine
gravity modeling, Journal Geophysical
Research, 84, 3889-3892.

Defense Mapping Agency, 2004, System 1984: its
definition and relationships with local
geodetic systems, Technical Report 8350.2
Washington, Department of Defense World

-106  -1059 -1058 -1057 -1056 -1055 -1054 -1053 -1052 -1051 -105

Ll Sy ol ¥ S

-106  -105.9 -1058 -1057 -1056 -1055 -1054 -1053 -1052 -1051  -105

y@w%‘\f}:é}wd.i K‘z

S ans $
23 5 Sliiod ol S 51 (S lowin o G ) )3
Sllgl s G opbys K585 5 5085
SN Ey Golmag i, y S SS6S
Ll golmia o Cay A 5 L 0ol C*'“LL (il s g
SIS ns 635 i €y Jol Sus w b
S b o HE 55 Glamio o B s

03y S 4w LJ}&@ oslau! g}; 6)\:;..&64 g_,dij.’: BE)



Ak o,h&‘hau;gué;w}&}}wu AN

spherical earth, Geophysics, 36(4), 761-762.

Kloch, G. and Krynski, J.,, 2010, On the
determination of the Terrain correction using
the spherical approach

gravity, geoid and earth observation. S. P. P.
Mertikas, Springer Berlin Heidelberg, 135,
389-395.

LaFehr, T. R., 1991, Standardization in gravity
reduction, Geophysics, 56(8), 1170-1178.

LaFehr, T. R., 1998, On Talwani's errors in the
total Bouguer reduction, Geophysics, 63(4),
1131-1136.

Makhloof, A. and Ilk, K., 2008a, Effects of
topographic—isostatic masses on gravitational
functionals at the earth’s surface and at
airborne and satellite altitudes, Journal of
Geodesy, 82(2), 93-111.

Makhloof, A. and Ilk, K., 2008b, Far-zone effects
for  different  topographic-compensation
models based on a spherical harmonic
expansion of the topography, Journal of
Geodesy, 82(10), 613-635.

Martinec, Z., 1996, Stability investigations of a
discrete downward continuation problem for
geoid determination in the Canadian Rocky
Mountains, Journal of Geodesy, 70(11), 805-
828.

Mikuska, J., Pasteka, R. and Marusiak, I., 2006,
Estimation of distant relief effect in
gravimetry, Geophysics, 71(6), 59-69.

Moritz, H., 1992, Geodetic reference system
1980, Bulletin Géodésique, 66(2), 187-192.
Muhammad, S., Zulfigar, A..and Muhammad, A.,
2010, Vertical gravity anomaly gradient effect
of innermost zone .on geoid-quasigeoid
separation and an optimal integration radius in
planar approximation, Applied Geomatics,

2(1), 9-19.

Nagy, D., 1966, The gravitational attraction of a
right rectangular prism, Geophysics, 31, 362-
371.

Nahavandchi, H., 2004, A new strategy for the
atmospheric gravity effect in gravimetric
geoid determination, Journal of Geodesy,
77(12), 823-828.

Novak, P. and Grafarend, E. W., 2005, The
ellipsoidal representation of the topographical
potential and its vertical gradient, Journal of
Geodesy, 78, 691-706.

Novak, P., Vanicek, P., Martinec, Z. and
Véronneau, M., 2001, Effects of the spherical
terrain on gravity and the geoid, Journal of
Geodesy, 75(9), 491-504.

Pavlis, N. K., Holmes, S. A., Kenyon, S. C. and
Factor, J. K., 2008, An ecarth gravitational

Geodetic.

Ecker, E. and Mittermayer, E., 1969, Gravity
corrections for the influence of the
atmosphere, Bulletin of Theoretical and
Applied Geophysics, 11, 70-80.

Flury, J. and Rummel, R., 2009, On the geoid—
quasigeoid separation in mountain areas,
Journal of Geodesy, 83(9), 829-847.

Fullea, J., Fernandez, M. and Zeyen, H., 2008,
FA2BOU A FORTRAN 90 code to compute
Bouguer gravity anomalies from gridded free-
air anomalies: Application to the Atlantic-
Mediterranean transition zone, Computers &
Geosciences, 34(12), 1665-1681.

Hackney, R. I. and Featherstone, W. E, 2003,
Geodetic versus geophysical perspectives of
the gravity anomaly, Geophysical Journal
International, 154, 35-43

Hammer, ~S., 1939, Terrain corrections for
gravimeter —stations, Geophysics, 4(3), 184-
194,

Heck, B., 1990, An evaluation of some systematic
error sources affecting terrestrial gravity
anomalies, Journal of Geodesy, 64(1), 88-108.

Heck, B., 2003, On Helmert methods of
condensation, Journal of geodesy, 77, 155-
170.

Heck, B. and Seitz, K., 2007, A comparison of the
tesseroid, prism and point-mass approaches
for mass reductions in gravity field modeling,
Journal of Geodesy, 81, 121-136.

Heiskanen, W. H. and Moritz, H., 1967, Physical
geodesy, San Francisco, W. H. Freeman and
Co.

Hinze, W. J., 2003, Bouguer reduction density,
why 2.67?, Geophysics, 68(5), 1559-1560.
Hinze, W. J., Aiken, C., Brozena, J., Coakley, B.,
Dater, D., Flanagan, G., Forsberg, R,
Hildenbrand, T., Keller, G. R., Kellogg, J.,
Kucks, R., Lee, X., Mainville, A., Morin, R.,
Pilkington, M., Plouff, D., Ravat, D., Roman,
D., Urrutia-Fucugauchi, J., Véronneau, M.,
Webring, M. and Winester, D., 2005, New
standards for reducing gravity data: the north
American gravity database, Geophysics,

70(4), J25-J32.

Huang, J. and Veronneau, M., 2005, Applications
of downward-continuation in gravimetric
geoid modeling: case studies in Western
Canada, Journal of Geodesy, 79, 135-145.

Jekeli, C., 2012, A wavelet approach to the terrain
correction in gravimetry and gravity
gradiometry, GEM - International Journal on
Geomathematics, 3(1), 139-154.

Karl, J. H., 1971, The Bouguer correction for the



" K555 5 63385 53 & 3 Bl Sl g % 53 b Hlx

Molodensky’s truncation coefficients, Studia
Geophysica et Geodaetica, 53(2), 157-167.
Tenzer, R., Novak, P., Vajda, P., Ellmann, A. and
Abdalla, A., 2011, Far-zone gravity field
contributions corrected for the effect of
topography by means of molodensky’s
truncation coefficients, Studia Geophysica et

Geodaetica, 55(1), 55-71.

Tenzer, R., Vanicek, P. and van Eck der Sluijs, S.,
2003, The far-zone contribution to upward
continuation of gravity anomalies, Revista
Brasileira de Cartografia, 55(2), 48-54.

Torge, W., 1989, Gravimetry, de Gruyter, Berlin.

Tsoulis, D., Novak, P. and Kadlec, M., 2009,
Evaluation of precise terrain effects using
high-resolution digital elevation models, J.
Geophys. Res., 114(B2), B02404.

Vajda, P., Vanicek, P., Novak, P., Tenzer, R. and
Ellmann, A., 2007, Secondary indirect effects
in gravity anomaly data inversion or
interpretation, J. Geophys. Res., 112(B6):
B06411.

Vanicek, P., Huang, J., Novak, P., Pagiatakis, S.,
Veronneau, M., Martinec, Z. and
Featherstone, W., 1999, Determination of the
boundary values for the Stokes-Helmert
problem, Journal of Geodesy, 73, 180-192.

Vanicek, P. and Krakiwsky, E. J., 1986, Geodesy:
the concepts, Elsevier Science.

Vanicek, P., Novak, P. and Martinec, Z., 2001,
Geoid, topography, and the Bouguer plate or
shell, Journal of Geodesy, 75(4), 210-215.

Vanicek, P., Tenzer, R., Sjoberg, L., Martinec, Z.
and Featherstone, W., 2004, New views of the
spherical ~ Bouguer  gravity = anomaly,
Geophysical Journal International, 13, 460-
472.

Wichiencharoen, C., 1982, The indirect effects on
the computation. of geoid undulations,
Department of geodetic sciences, Report
No.336, Ohio State University, Columbus.

model to degree 2160: EGMOS, General
Assembly of the FEuropean Geosciences
Union. Vienna, Austria.

Rapp, R. H., 1997, Use of potential coefficient
models for geoid undulation determinations
using a spherical harmonic representation of
the height anomaly/geoid  undulation
difference, Journal of Geodesy, 71(5), 282-
289.

Sjoberg, L., 2010, A strict formula for geoid-to-
quasigeoid separation, Journal of Geodesy,
84(11), 699-702.

Sjoberg, L. E., 1995, On the quasigeoid to geoid
separation, Manuscripta Geodaetica, 20, 182-
192.

Sjoberg, L. E., 1999, The IAG approach to the
atmospheric geoid correction in Stokes'
formula and a new strategy, Journal of
Geodesy, 73(7), 362-366.

Sjoberg, L. E., 2004, The ellipsoidal corrections
to the topographic geoid effects, Journal of
Geodesy, 77(12),804-808.

Telford, W. M., Geldart, L. P. and Sheriff, R. E.,
1990, Applied geophysics, Cambridge
University Press.

Tenzer, R., Novac, P., Janak, J., Huang, J., Najafi-

Almadari, M., Vajda, P. and Santos, M.,.2003,
A review of the UNB Stokes-Helmert
approach for precise geoid determination in
Honoring The Academic Life Of Petr Vanicek
M. Santos (Ed).

Tenzer, R., Novak, P., Moore, P., Kuhn, M. and
Vanicéek, P., 2006, Explicit formula for the
geoid-quasigeoid separation, Studia
Geophysica et Geodaetica, 50(4), 607-618.

Tenzer, R., Novak, P., Moore, P. and Vajda, P.,
2006, Atmospheric effects in the derivation of
geoid-generated gravity anomalies, Studia
Geophysica et Geodaetica, 50(4), 583-593.

Tenzer, R., Novak, P., Prutkin, I., Ellmann, A.
and Vajda, P., 2009, Far-zone contributions to
the gravity field quantities by means of



