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What	is	Hydrography?	

•  Hydrography	is	the	branch	of	applied	sciences	
which	deals	with	the	measurement	and	
descrip=on	of	the	physical	features	of	oceans,	
seas,	coastal	areas,	lakes	and	rivers,	as	well	as	
with	the	predic=on	of	their	change	over	=me,	
for	the	primary	purpose	of	safety	of	
naviga=on	and	in	support	of	all	other	marine	
ac=vi=es,	including	economic	development,	
security	and	defense,	scien=fic	research,	and	
environmental	protec=on.	-IHO	

www.iho.int/	



Interna=onal	Hydrographic	
Organiza=on*	

•  Established	in	1921	
•  The	intergovernmental	consulta=ve	and	
technical	organiza=on	to	support	safety	of	
naviga=on	and	protec=on	of	marine	
environment	

•  UN	observer	status	
•  Recognized	as	the	UN	competent	technical	
authority	for	hydrography	and	nau=cal	
char=ng.	

*	IHO	Publica=on	M-2		



www.iho.int	



IHO Water Level Requirements �
Reference S-44 IHO Standards for Hydrographic 

Surveys



•  Special Order
• Order 1a
• Order 1b
• Order 2

More stringent 
requirements

IHO	Categories	of	Surveys	





The	Importance	of	
Hydrography	

•  Nau=cal	Char=ng	and	suppor=ng	safe	and	efficient	naviga=on	of	ships	
•  Development	&	Maintenance	of	the	Marine	Transporta=on	System		
•  Resource	Exploita=on	
•  Mari=me	Boundary	Delimita=on	
•  Coastal	Zone	Management		
•  Tsunami	flood	and	inunda=on	modelling	
•  Mari=me	Defense	and	Security	
•  Na=onal	Marine	Spa=al	Data	Infrastructures	
•  Environmental	Protec=on	
•  Recrea=onal	Boa=ng	
•  Tourism	
•  Habitat	Mapping	
•  Marine	science	
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These	ships	move	95%	
of	all	interna=onal	
goods.	

Cargo	and	container	
ships	rely	on	
accurate	charts.		



12	

Increasing	Dra6s	of	Large	
Container	Ships	

Each	inch	of	dra_	can	mean	an	extra	$5M	of	cargo	can	be	loaded	(NOAA/NOS)	
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Uncharted	waters:	Mega	cruise	ships	sail	the	ArcAc	
Crystal	Serenity	Cruise	Ship	Completes	Historic	Northwest	
Passage	Arc=c	Journey	–	Sep	2016	

Viewed	online	10/27/16	
www.cruisecri=c.com		
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Resource	Exploita=on	Oil/Gas	
	





16	

Resource	Exploita=on	
Offshore	Wind	Farms	
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Mari=me	
Boundaries	
Delimita=on	



Basics	of	What	is	in	a	Chart	

•  A	mathema=cal	model	of	the	earth	as	an	ellipsoid	of	
revolu=on	(dimensions	and	orienta=on),	also	known	as	a	
horizontal	datum	onto	which	we	prescribe	la=tude	and	
longitude	

•  Posi=ons	of	the	coastline	in	the	horizontal	datum	
•  Posi=ons	of	Aids	to	Naviga=on	and	Dangers	to	Naviga=on	in	

the	horizontal	datum	
•  Heights	of	overhead	obstruc=ons	with	respect	to	a	high	=dal	

water	level,	and	their	posi=ons	with	respect	to	the	horizontal	
datum		

•  Depths	of		water	with	respect	to	a	low	water	level	(“chart	
datum”),	and	their	posi=ons	with	respect	to	the	horizontal	
datum		

•  Cartographic	rules	for	depic=ng	the	data	on	the	horizontal	
datum	in	2-D	(either	paper	or	electronically)	

	



Horizontal/3-D	Datums:	
Geode=c	Datums	

	

Source:	Torge	(2011).	

Geode=c	Datum:	
•  Size		(e.g.,	semi-major	axis	and	semi-minor	axis	
lengths)	

•  Orienta=on	to	the	Earth	
•  Modern	way	to	navigate	in	this	system	is	the	GNSS		



20	
Source:	Nigel	Calder,	How	to	Read	a	Nau=cal	Chart,	McGraw-Hill,	2003,	237pp.	

Two	recent	chart	
edi=ons,	two	
different	datums:	
European	Datum	
(ED	1950)	and	
WGS84.	

Different	Geode=c	Datums,	Different	
La=tude	and	Longitude	



Coastline,	Aids	to	Naviga=on	(ATONs)	
and	Dangers	to	Naviga=on	(DTONs)	

•  Coastline		
–  Photogrammetry	
–  Satellite	imagery		
–  LIDAR	(Laser		
–  Land	Surveying	

•  ATONs	
–  GNSS	(GPS)		

•  DTONs	
–  Acous=c	mapping	and	techniques	and	precise	posi=oning	of	vessel	

(coordinates	rela=ve	to	horizontal	datum	and	chart	datum)		
•  Single	beam	echo	sounder	
•  Mu=beam	echo	sounder	
•  Sidescan	sonar	

	



Chart Datums/Water Level Datums �
Different Types 

•  Tidal 
•  Lakes
•  Rivers



Tidal	Datums	
At	each	loca=on	there	are	many	different	=dal	datums.	
Some	examples	are:	
•  Mean	Sea	Level:	arithme=c	mean	of	hourly	heights	
observed	over	the	NTDE.	

•  Mean	High	Water:	average	of	all	high	water	heights	
observed	over	the	Na=onal	Tidal	Datum	Epoch	(NTDE).		

•  Mean	Low	Water:	average	of	all	low	water	heights	
observed	over	the	NTDE.	

•  Mean	Lower	Low	Water:	average	of	the	lower	low	
water	height	of	each	=dal	day	observed	over	the	NTDE.		

•  Lowest	Astronomic	Tide:	Lowest	=de	level	from	
harmonic	analysis	



Tidal	Datums	

•  Tidal	forcing	is	well	understood	and	occurs	due	to	the	
orbital	characteris=cs	of	the	sun,	earth	and	moon,	and	the	
diurnal	spin	of	the	earth.		

•  The	longest	period	of	prac=cal	concern	for	hydrography	is	
the	lunar	nodal	period	of	18.6	years.		

•  All	of	the	=dal	forcing	up	to	this	period	can	be	wrisen	as	a	
linear	combina=on	of	5	periods,	e.g.:	

1.  A	mean	solar	day	(MSD)	
2.  Lunar	month,	27.3216	MSD	
3.  Mean	solar	year,	365.2422	MSD	
4.  Lunar	perigee	period,	3231.4818	MSD	(8.85	year)	
5.  Lunar	nodal	period,	6798.3661	MSD	(18.61	yr)	



Tidal	Datums	Require	Tide	Gauges	
•  In	the	US	and	some	other	countries	there	is	a	na=onal	
network	of	long-term	=de	gauges	that	serve	as	primary	
gauges	for	hydrographic	surveying	

•  If	more	=de	gauges	are	required	for	a	hydrographic	
survey	then	secondary	sta=ons	are	installed	for	the	
length	of	the	survey,	but	not	less	than	30	days.	A	
technique	known	as	a	datum	transfer,	from	a	primary	
gauge	is	used	to	obtain	equivalent	long	term	datums	at	
the	secondary	gauge	

•  In	some	cases	known	=dal	harmonic	cons=tuents	and/
or	modeling		are	used	to	obtain	chart	datum.	





Secondary	Gauge	Installa=on	



Mapping	the	Seafloor	
From	Leadline	to	Mul=beam	

hsps://www.nau=calcharts.noaa.gov/hsd/images/SW_History_lead2mb.jpg	



Mul=beam	Surveying	



Mapping	of	Seafloor	
&	Sounding	Reduc=on	

Chart	Datum	(e.g.,	MLLW)	

Water	Level	

Seafloor	

td	

Water	depth	=sounding	depth	(sd)		
+	transducer	depth	(td)	

sd	

Water	Level	rela=ve	to	Chart	
Datum	



400 m 

290 m 

140 kts 

Coastal Zone Mapping and Imaging LidarCoastal Zone Mapping and Imaging Lidar
Operational Scenario 

Bathymetry	
Diameter	of	laser	spot	=					2.5	meters	
Diameter	of	largest	void	=	0.54	meters	

Topography	
Diameter	of	laser	segment	spot	=					0.83	meters	
Diameter	of	largest	segment	void	=		0.7	meters	



Mapping	of	Seafloor	
When	Vessel	is	Not	Right	Next	to	Tide	Gauge	

Source:	Canadian	Tidal	Manual	

Co-Range,	Co-Phase	Chart	



Other	Complica=ng	Factors	
•  Vessel	Heave		

– mi=gate	with	low	pass	filter	
•  Vessel	Pitch	and	Roll		

– Measure	and	remove	if	necessary	
•  Vessel	Squat		

– Measure	and	remove	if	necessary	
•  Vessel	Dynamic	Dra_		

– Measure	and	remove	if	necessary	
•  Sound	speed	varia=ons	and	refrac=on	

– Measure	sound	speed	profiles	periodically		



Vessel	Configura=on	Survey	
Determine	a	Vessel	Frame	of	Reference	for	Instruments	(GNSS	

Antennae,	Sonar,	etc,	to	Geolocate	Soundings	



Vessel	Configura=on	Survey	



Ellipsoidally	Referenced	Survey	
Decoupling	Tides	from	Hydrographic	Surveying	

•  Water	depths	are	measured	to	the	reference	ellipsoid	
•  The	separa=on	between	the	ellipsoid	and	chart	datum	(“separa=on	

model”)		is	determined	by	others	(e.g.,	NOAA	in	the	United	States)	
•  The	separa=on	model	is	used	to	convert,	or	reduce,	the	water	depths	to	

chart	datum.		



Product	Examples	
Bathymetric	Surface	&	Targets	

	

USM	Hydrographic	Science	
Class	2015,	Rigolets	Team	
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USM	Student	made	ENC	Chart	
Class	2015,	Rigolets	Team	



Satellite	Al=metry	and	Bathymetry	

Space  radar  can  sense  ocean  surface 
slopes,  manifestations  of  gravity 
anomalies  in  the  form of  deflections  of 
the  vertical.   These  may  be  correlated 
with sea floor structure.

Figure	from	Smith	(2003)		



USS	San	Francisco	
Accident	

World oceans 
altimetry-mapped 
– 5 km resolution

Moon radar-
mapped -100m

Mars radar-
mapped – 20m

Venus radar-
mapped – 100m

Mari=me	Defense	and	Security		
	



SFO	Grounding	Survey	Polygon	

SFO	Grounding	
New	feature	

Ver=cal	exaggerated	

Approved	for	Public	Release										Naval	Oceanographic	Office										2011	

San	Francisco	Grounding	
	Loca=on	Survey	



Bathymetric	
Model	from	
Satellite	
Al=metry	

Smith	and	Sandwell	Al=metry	Model	used	to	establish	poten=al	hazards	to	Naviga=on	

Mari=me	Defense	and	Security		
	



Resources	

•  IHO	www.iho.int	
– Publica=ons	hsps://www.iho.int/iho_pubs/IHO_Download.htm	

•  NOAA	Office	of	Coast	Survey	hsps://
www.nau=calcharts.noaa.gov/index.html	
–  Hydrography	pubs	hsps://www.nau=calcharts.noaa.gov/hsd/

hydrog.htm	


