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Comparison	between	the	WGS-84	ellipsoid	and	a	
sphere	of	iden,cal	volume	
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Conversion between ECEF and 
ellipsoidal coordinates can be made 

using the following formulas: 



How could this happen? (well, it did not…) 



http://www.kartografie.nl 
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Geoid undulation





U	=	U0	

U	=	Uref	

r	

ΔN	

Géoïde	réel	

Géoïde	normal	
=	ellipsoïde	de	référence	

M	(r	=	r0)	







Une	nivelée,	LA	=	mesure	
avant,	LB	=	mesure	arrière	

δhk’	=	LA	-	LB	

Un	cheminement	
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Le	paradoxe	des	tunnels	
équipoten,els	(Duquenne,	2008)	





Un	modèle	de	géoïde,	EGM2008	

EGM2008:	obtenu	à	par,r	
de	données	gravimétriques	
terrestres	et	mari,mes,	de	
données	d’al,métrie	
satellitaire,	et	u,lise	des	
Modèles	Numériques	de	
Terrain	(MNT)	pour	évaluer	
la	contribu,on	du	relief	au	
géoïde.	
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Le	quasi-géoïde	français	QGF98	

44

44

45
46

46

46

46

47

47

47

47

47

48

48

48

48

48
49

49

49

49

49

50

50

50

51

51

51

52

52

52

52

53

53

−5.0˚

−5.0˚

0.0˚

0.0˚

5.0˚

5.0˚

45.0˚ 45.0˚

50.0˚ 50.0˚

H.	Duquenne,	IGN		



Al,tudes	normales	et	orthométriques	

•  Une	grille	de	correc,ons	
entre	les	al,tudes	
orthométriques	(NGF-
Lallemand)	et	normales	
(NGF-IGN69)	est	fournie	
par	l’IGN.	

•  Une	valeur	moyenne	C	par	
carte	au	50000ème	telle	
que:	

	
H(o)	+	C	=	H(n)	
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Grille	de	conversion	des	al,tudes	



Le	point	fondamental	

Le	marégraphe	de	Marseille	











Reduc,on	of	gravity	
measurements	

•  Recall	that,	if	the	Earth	was	an	homogeneous	
ellipsoid:	

•  Gravity	measurements:	
–  Objec,ve:	look	for	devia,ons	from	this	reference	value	
–  Problem:	measurements	are	(usually)	not	made	on	the	
reference	ellipsoid…	

–  Solu,on:	“reduce”	the	measurements	to	“bring”	then	
on	the	ellipsoid	

•  Reduc,on	=	“correct”	the	measurements	from	the	
effect	of:	

–  A+rac,on	of	terrain	around	the	measurement	site:	1	→	
2	

–  A+rac,on	of	rock	mass	between	M	and	R:	2	→	3	
–  Eleva,on	of	M	w.r.t.	reference	ellipsoid:	3	→	4	

•  What	do	we	learn	if:	
–  greduced	=	greference?	
–  greduced	≠	greference?	
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Gravity	correc,ons	
Terrain	correc.on:	Compensates	
for	the	reduc,on	of	g	due	to	
terrain	around	the	measurement	
site	

–  Always	added	to	gmeasured	
–  Complex	calcula,on:	
discre,ze	topographic	map	
or	use	DEM	

ΔgBP = 2πGρh
⇒ΔgBP = 0.0419ρh mmGalg

R
g

dr
dg

FA 3086.0
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ρ	=	plate	density	(e.g.	2.67)	
h	=	plate	thickness	

(with	g	=	981,000	mGal	
and	R	=	6371	km)	
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Bouguer	plate	correc.on:	
Compensate	for	the	
gravita,onal	a+rac,on	of	a	
plate	of	constant	thickness	h	

Free-air	correc.on:	
Compensates	for	the	eleva,on	
of	the	measurement	site	w.r.t.	
the	ellipsoid	
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Bouguer	and	free-air	
gravity	anomalies	

(a)  Mountain is supported by the strength of the crust 
(b)  Mountain is supported by a crustal root that projects into the denser mantle 



Bouguer	anomalies	
Alps: miocene mountain range 

Ivrea body: 
mantle rocks 

Po valley: thick sedimentary basin Ligurian basin: oceanic crust 

Brittany: hercinyan peneplain 

Hypothetical Bouguer anomaly 
over continental and oceanic areas. 














