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Abstract

Several recent major natural disasters have raised the question of

the part hydrography plays in their management. Hydrography pro-
vides the basic knowledge of the seafioor topography that is needed in predicting
the dynamics of tsunamis. The monitoring of the sea level also provides important
information. Topographic information, both above and under water, is needed to
understand the effects of inundation of the shoreline following both tsunamis and
hurricanes. A particular problem is faced in the coastal areas due to different ver-
tical datums used by land surveyors and hydrographers but this matter is now
being addressed.

Résumé

Plusieurs récentes catastrophes naturelles majeures ont soulevé la

guestion du rdle que joue I'hydrographie dans leur gestion. L'hydro-
graphie fournit tes connaissances de base de la topographie du fond qui sont
nécessaires pour la prédiction de la dynamique des tsunamis. Le contrdle du
niveau de la mer fournit également d'importantes informations. Les informations
topographiques importantes, a la fois au-dessus et au-dessous de I'eau, sont
nécessaires pour comprendre les effets de l'inondation du littoral qui suit les tsu-
namis et les ouragans. L’on rencontre un probleme spécifique dans les zones
coOtieres en raison des différents niveaux de référence verticale utilisés par les
géometres et les hydrographes, toutefois ce probleme est actuellement en cours
de résolution.

Resumen

Varios desastres naturales importantes acaecidos recientemente

han evocado la cuestidn del roi que representa la hidrografia en su
gestion. La hidrografia proporciona los conocimientos bésicos de la topografia del
fondo marino, que se requieren para la prediccidon de la dinamica de los tsuna-
mis. El control del nivel del mar proporciona también una informacién importante.
Se requieren ambas informaciones topogréaficas, la de la superficie del aguay la
submarina, para comprender los efectos de la inundacion de la linea de costa tras
los tsunamis y los huracanes. Se hace trente a un problema particular en las
zonas costeras, debido a diferentes datums verticales utilizados por los topdgra-
fos e hidrégrafos, pero este asunto esta tratdndose en la actualidad.



Introduction

In recent years several major disasters have
occurred in worldwide coastal areas. The most
recent has been hurricane Katrina and its disas-
trous effects on the city of New Orleans. On 26
December 2004 there was the major Asian tsuna-
mi that seriously affected the countries around the
Indian Ocean and in which nearly 300,000 people
died. Earthquakes and their sometimes associated
tsunamis are a relatively frequent event in many
parts of the world that are subject to seismic activ-
ity. A short list of some recent major tsunami
events is provided by the USA NOAA Environmental
Laboratory (www.pmel.noaa.gov/tsunami/data-
base_devel.html) as follows:

28 March 2005 Indonesia.

26 December 2004 Indonesia (Sumatra).

25 September 2003 Hokkaido.

23 June 2001 Peru.

13 January 2001 El Salvador.

26 November 1999 Vanuatu.

17 July 1998 Papua New Guinea.

While major disasters in coastal areas are normal-
ly due to tsunamis, tropical cyclones or hurricanes,
other disasters may occur in the form of ship
grounding and major oil pollution and flooding
caused by a combination of unusually heavy precip-
itation, sometimes linked with

abnormally high tides. Such an

event may be recalled when in

1956 a major storm caused exten-

sive flooding in several countries

surrounding the southern North

Sea. That resulted in a major pro-

gramme of public works, with

dykes being built in the Nether-

lands and a Flood Barrier being

built on the Thames in 1986 to

prevent flooding in the city of Lon-

don, at a cost of £ 370 million.

While the response to these disas-
ters is initially in the hands of
emergency measures personnel,
such as firemen, policemen and
medical staff, the longer term
activity, directed at their future
prediction and ideally their preven-
tion, falls more into the hands of
scientists and engineers from a

variety of backgrounds. Whether the forces causing
the disasters are meteorological or geological
there is an urgent need to be able to predict more
precisely just when and where they will occur.
When they do occur we need to be able to predict
the locations where remedial measures should be
taken to minimise the damage to property and
human beings. It is plainly evident that in most
cases the worst damage occurs to low lying flat
areas and these unfortunately are the sites where
it has been found most convenient and economic
to build our urban areas. Political response some-
times results in engineering studies and major pub-
lic works to minimize future destruction. No doubt,
this will be one of the outcomes of studies follow-
ing the Katrina hurricane disaster.

Hydrography has an important part to play in both
the prediction and response to emergencies,
although in most cases, it will take place as part of
a multi-disciplined approach. Basic mapping of sev-
eral parameters is fundamental to successful mod-
elling and prediction. Fortunately, in recent years
new instruments have become available, which
allow hydrographers to carry out their work more
quickly and thoroughly and instruments such as
multibeam acoustic systems and airborne laser
systems (LIDAR) provide very effective tools for the
task.

Figure 1: HMS Scott (photograph by courtesy of the UK Royal Navy and
Hydrographic Office).


http://www.pmel.noaa.gov/tsunami/data-

Hydrography in Prediction

Seismic disturbances in, or close to, marine areas
are the cause of most tsunamis. While seismic dis-
turbances occur in all of the world’s oceans, the
Pacific Ocean, which is surrounded by a ring of vol-
canic activity, and mainly due to the subduction of
tectonic plates, has long been recognised as an
area where tsunamis occur frequently. It has been
noted that the number of significant tsunamis in
the Indian Ocean, the site of the disastrous 2004
tsunami, is less than a dozen in the last 100
years, compared with the one hundred or more in
the Pacific Ocean during the same period. (Gupta
H.K., 2005). The actual study of seismic activity in
a general sense is clearly in the hands of geolo-
gists and seismologists. In countries such as
Japan, their research is fundamental to the eco-

Figure 2: Survey area off West Sumatra (Graphic by courtesy of the

UK Royal Navy and Hydrographic Office).

nomic prosperity as well as the safety of the peo-
ple. The translation of this seismic activity into
tsunami distribution and propagation involves work
of a more multi-disciplinary nature. Once the seis-
mic activity has taken place on the seafloor, sub-
seafloor or nearby land we need to determine just
how the tsunami will propagate in terms of direc-
tion and speed. We will also need to predict such
matters as wave length and amplitude as it
approaches a vulnerable coastline. Here hydrogra-
phers have a role, as has been shown recently in
the surveys carried out by the UK Hydrographic
Office, aboard HMS Scott, in the waters off Suma-
tra (UKHO, 2005).

Using a mutltibeam acoustic echo sounder (MBES)
the surveyors were able to accurately map an area
of the seafloor in the vicinity of the epicentre of the
seismic disturbance that caused the
major Asian tsunami on 26 December
2004. Working together with geologists
and geophysicists, who used seismic
instruments and conducted coring, they
were able to provide information that
permitted a better understanding of the
trigger that set off the disturbance.
While this type of research is undoubt-
edly helpful in making future predictions,
the difficulty is in the immensity of the
task. Subduction occurs over huge
ocean areas and it represents an over-
whelming survey task for hydrographers.

Even with the advantages of MBES the
precise systematic surveying of the
oceans is a huge task. It has been noted
(Yeh, 1995) that for tsunami computa-
tions, in depths of water greater than
200 metres, it may not be necessary to
resolve depth measurements on a grid
finer than 2km. However if there is a nar-
row canyon or ridge approximately 2km.
wide in water depths of 1,000 metres a
higher resolution grid of about 500
metre spacing will be needed. Other
ocean survey tasks demand the interest
and limited resources of the hydrogra-
phers and submarine geologists. The
best that can be done at present is to
obtain sufficient data for generalised
modelling and to understand the basic
mechanisms which set off a tsunami.



Figure 3: Multibeam acoustic imagery near epicentre (Graphic by cour-

tesy of the UK Royal Navy and Hydrographic Office).

Most tsunamis are caused by a rapid vertical
movement along a break in the earth’s crust. Typi-
cally this mechanism only occurs in large subduc-
tion zones. Subduction occurs around most of the
Pacific, with the exception of the western coast of
North America, where movement along the faults
is largely strike-slip (Lander, Lockbridge and Chin-
nery, 1989). While most current research is direct-
ed at seismicity as the trigger mechanism, some
research is investigating the possibilities of land-
slides and underwater slippage as being the trig-
ger. This has caused locally destructive tsunamis
in Alaska and the subsequent cause of consider-
able re-charting of the area. Research has also
been carried out in recent
years by the National Oceano-
graphic Centre in the UK,
which has been examining
such possibilities in the
Canary Islands. The impor-
tance of obtaining detailed
bathymetry has been made
clear in this work (Wynn,
2003). Limited earlier bathy-
metric surveys did not show
that slumping and landslides
occurred however more recent
detailed surveys have shown
these features. From this it
may be speculated that a trig-
ger mechanism for tsunamis
does exist in this area of the
Atlantic Ocean. While media

reports have tended to exaggerate this
danger it is seen as less critical by sci-
entists but nevertheless provides an
interesting model to study the possible
mechanism of tsunamis caused by
landslides, (www.noc.soton.ac.uk/ CHD/
Research/topics/canaries_ slides, html).

An important method of monitoring and
predicting tsunami activity is the moni-
toring of sea level change around
ocean areas (Rabinovich and Stephen-
son, 2004). This has been a prime
focus of activity for countries bordering
the Pacific for many years. An Interna-
tional Tsunami Warning System for the
Pacific was initially established at Hon-
olulu, Hawaii in 1946, and the present
organisation came into being in 1968.
The organisation’s task is to co-ordinate the
national monitoring activities, and with a know-
ledge of tsunami characteristics and tools such as
tsunami models and historical tsunami databases,
advise countries of the possible occurrence of a
tsunami. Water level gauges operated by most
hydrographic offices, whose main task is to provide
data for the analysis and prediction of tides, can
provide this secondary important task of detecting
anomalies in the form of a change of water level
height caused by a tsunami. Research in some of
the national offices that are involved in this enter-
prise includes the difficult task of distinguishing
the seismically induced long waves from those pro-

Figure 4: Water level monitoring station, British Columbia, Canada. (Photograph
by courtesy of the Canadian Hydrographic Service).


http://www.noc.soton.ac.uk/

duced by meteorological forces, termed seiche
oscillations. In recent years, and it may be noted,
prior to the 2004 Asian tsunami, the network and
technology of the water level monitoring stations
was considerably improved.

Advantage has been taken of the availability of dig-
ital measuring devices which provide much higher
precision than the earlier analogue devices. They
can record water level heights at one minute inter-
vals. Modern satellite communications contribute
immeasurably to the networking of information and
monitoring the progression of tsunami waves. The
monitoring of tsunamis for providing advice and
warning when damaging tsunamis are likely to
occur, but also to determine if they will or will not
cause damage is most important. It is important to
determine if a false alarm has been set off.

Measurement of sea level heights in the open ocean
by means of buoys, connected to pressure sensors
located on the sea floor, supplement the terrestrial-
ly based, water level observation stations along the
shoreline. As part of the US National Tsunami Miti-
gation Program deep ocean tsunameters have been
developed and are now distributed across parts of
the Pacific Ocean under a programme called DART
(Deep-ocean Assessment and Reporting of
Tsunamis) (www.pmel.noaa.gov/ tsunami/Dart/
dart_pbl.html). These devices are bottom mounted
and transmit data acoustically to surface buoys
equipped with satellite transmitters. It may be noted
that this extension of the activity tends to take it out
of the hands of the hydrographic community. At a
workshop held in Paris in March 2005, a monitoring
system for the Indian Ocean was discussed. It was
suggested that 10 monitoring buoys should be com-
missioned for the Bay of Bengal without delay (John-
son, 2005). The importance of using existing buoy
networks, of which there are several in the Indian
Ocean, was emphasised at the meeting.

The study of the propagation of tsunamis across
the deep oceans has been a source of much scien-
tific interest and has resulted in numerous papers
being written on modelling and forecasting of
tsunami wave scattering, e.g. the MOST model dis-
cussed by Titov and Gonzalez (Titov and Gonzalez,
1997). Essentially the propagation of the tsunami
wave is dependent upon the depth of the ocean but
may be deflected by changes in the sea floor topog-
raphy. In deep ocean depths the tsunami waves

move at a speed of more than 1,000km. per hour
and can cross oceans within a day. Because the
speed of the tsunami depends on the depth of the
ocean basins, the waves decrease in speed as they
reach shallower water. The wave length is shortened
and the energy within each wave is crowded into pro-
gressively less water, increasing the height of the
Wave. (Lander, Lockbridge and Chinnery, 1989).
Depending upon the direction in which the wave
approaches shallow water, either perpendicularly or
obliquely, it may be deflected in direction. In addition,
offshore bathymetric features such as seamounts or
submerged ridges focus the wave energy and pro-
duce extremely large waves at some coastal loca-
tions. The importance of this knowledge was only too
apparent in assessing the devastation caused by the
Asian tsunami. Generally speaking this area of
research falls more to the physicist and mathemati-
cian rather than the hydrographer, although the
bathymetry that hydrographers collect and compile
will be fundamental to the modelling activity. Here
again bathymetric knowledge is a pre-requisite for the
modelling. Given the overall limitations of present
models the current knowledge of ocean bathymetry
may be sufficient for this research.

Problems of the Coastal Zone

It may be noted that most disasters occur in the
coastal zone, the area where land and sea meet.
Undoubtedly a mariner meeting a hurricane in the
open sea may be fearful for his safety, but he
needs to be much more so when the hurricane,
having gained all its strength from the warm sea,
actually makes contact with the land. At that point
the hurricane will begin to lose strength, however it
may cause heavy rainfall and consequent flooding
for some distance inland. As noted above, the
tsunami wave increases in amplitude as it
approaches shallow water and consequently it will
be at its most destructive as it reaches the shore,
although other side effects caused by the storm
surge, with its associated rise in sea level and con-
sequent flooding, may in the end cause just as
much damage. Basic, yet detailed, mapping of the
coastal zone is essential for effective modelling
(Yeh, 1995). It is essential in making a risk assess-
ment of potential damage which could be caused
by these events and as a means to support action
taken to recover from these events. Yeh has stat-
ed that a 100 metre grid is needed for depths less


http://www.pmel.noaa.gov/

than 10m. and a 50 metre grid is needed where
depths are less than 2.5m. Research on the
process of inundation caused by tsunamis has
been carried out in the area of Juan de Juan Strait
in northwestern USA (Venturato et al, 2004).
Detailed and accurate information on both the
underwater and dry land topography of an area are
fundamental to the success of the models. It has
only been in recent years that any priority has been
given to the mapping of the interface between land
and sea. Hydrographers have been mainly con-
cerned with the area where ships float, not where
they do not. Land surveyors have often seen the
mud flats, that often border the dry land, as useless
for development and consequently of little interest
to map. An increase in environmental concern has
caused several hydrographic offices to conduct sur-
veys of the coastal zone as a matter of urgency.
Hydrography has taken on a broader mandate of not
just surveying for navigational reasons but to pro-
vide data for a variety of purposes, including engi-
neering design and the modelling of various dynam-
ic processes. There are a number of administrative
difficulties which exist relating to the acquisition of
data; one such issue is the matter of national copy-
right making it difficult for researchers to obtain the
data. To remedy this an international pool of inshore
data has been suggested (Yeh, 1995).

There are also some technical reasons for the neg-
lect in surveying the coastal zone. Historically
hydrographers, in order to provide a margin of safe-
ty to navigators, have used low water as a vertical
datum to which all depth measurements were
reduced. Land surveyors, on the other hand have
preferred to use mean sea level as their vertical
reference. These differences have resulted in a
step along the shoreline that has made it difficult
to ensure a smooth transition between marine and
land data. There is now considerable interest in
developing a common vertical reference frame, so
that the mapping and charting of land and sea can
be seamless. (Parker, 2002). A particular difficulty
of surveying the coastal zone has been its hostility
in many places. Invariably there is either heavy
wave action and surf, making it difficult for survey
boats to work in an area or the area may be large,
flat and muddy which is also very difficult to sur-
vey. However help is at hand and there is now
increasing use of airborne LIDAR which allows
large areas of coastal zone to be surveyed precise-
ly and rapidly. Such surveys have now been carried

out over extensive lengths of the coastline of the
USA.(Lillycrop,2005). Interferometric sidescan or
other forms of wide swath sonar also promise to
expedite shallow water bathymetric surveying.

Research has been carried out into the inundation
of coastal areas as a result of flooding by tsunamis
(Venturato et al, 2004) which may also have an
application to flooding by hurricanes and other
causes. Whether this information will be used by
city planners in the coastal zone and planners that
still seem to allow houses to be built on flood
plains remains to be seen.

Hydrography in the Aftermath

Institutionally, the aftermath of a disaster brings
much hand ringing and people expressing "what
ift" It was noted earlier that in the first stages
much of the work falls on the emergency measures
teams. However, these teams must first reach the
stricken areas and this will require a replacement of
the infrastructure. In the marine sense this means
that ships carrying relief supplies or moving
refugees should be able to enter an area. Immedi-
ately after the Asian Tsunami disaster, on 12 Janu-
ary in London, a number of maritime organisations,
headed by the International Maritime Organisation
(IMO) met Their remit was to assess what action had
to be taken (IMO, 2005). This group included the
International Hydrographic Organisation (IHO). It was
critical that the promulgation of maritime safety
information was updated and dispatched as soon as
possible. That task fell on the national hydrographic
offices. Major changes in the topography and partic-
ularly the existence of objects that had been washed
into the navigable channels, had to be surveyed with
dispatch. An action plan developed at the IMO meet-
ing contained the following elements:

Short term

- Assess the extent of damage to navigational aids
in the affected areas, in cooperation with the
national authorities.

- Assess and undertake preliminary re-survey for
any reported changes in depths in the affected
areas particularly ports, restricted navigational
areas, the Malacca Straits and other areas as
needed.

Issue advice to shipping as appropriate, through
existing networks.



Medium/long term

- Technical co-operation activities including needs’
assessment missions; mobilizing and co-ordinat-
ing resources accordingly

- Assess and define new charting requirements
Marking of new dangers, if necessary

- Participate in establishing an appropriate tsuna-
mi early warning system for the Indian Ocean, in
co-operation with UNESCO/IOC and others

Consider and incorporate consequential amend-
ments to the Organisation’s basic documents as
appropriate.

Regionally, UNESCO arranged a Workshop to dis-
cuss the development of a Tsunami Warning and
Mitigation System for the Indian Ocean within a
Global Network in 2005 (UNESCO, 2005).

At a national level the US Government also set out
a plan for an improved tsunami detection and warn-
ing system. This included a promise of $ 37.5 mil-
lion over the next two years to expand US detection
and monitoring capabilities. Its elements include
much of the research touched on in this paper.

The above type of work has taken a more direct
and practical shape in the aftermath of the hurri-
cane Katrina disaster. The US Coast Survey of
NOAA has moved in directly with its Navigation
Response Teams (NRTs) to coordinate the activi-
ties of several survey vessels working the area of
New Orleans and the coast of Louisana (http://
chartmaker.ncd.noaa.gov/nsd/katrina.htm). This
work will no doubt be carried out in close coopera-
tion with other US national agencies, such as the
US Army Corps of Engineers, the US Naval Oceano-
graphic Office and the US Coast Guard. It has been
noted that these emergency services include per-
forming side scan sonar surveying for updating US
Government Navigational Charts, conducting haz-
ardous obstruction surveys (utilising diving opera-
tions), electronic navigation capture, data collec-
tion and mapping support activities.

The Future

It is a certainty that other disasters will occur in
the future. Considerable political speculation
exists on the extent and type of future man-induced
disasters but other major natural disasters remain

inevitable. Hydrographers have a part to play, both
in their capacity as providers of various types of
marine data, particularly of the sea floor topogra-
phy and the tides, but also as part of multi-discipli-
nary teams that work towards improving our ability
to predict future maritime disasters, their conse-
guences and minimization of their effects. Fortu-
nately, recent developments in technology will aid
them in their task. The broad and general use of
satellite positioning will permit a common and pre-
cise geographic framework for any information.
MBES permits sea floor mapping to be carried out
quickly and precisely, although it should be recog-
nised that when it comes to the oceans them-
selves the area still to be mapped is daunting.
LIDAR is being increasingly used, although it must
be borne in mind that it does not work well in tur-
bid water and that this is the normal condition of
water immediately following a disaster. Finally, due
to advances in telecommunications and informa-
tion technology, our ability to manage data has
improved significantly in recent years.

It is typical following a disaster, be it a major ship-
wreck, a tsunami or a hurricane, for the political
process to put in place various systems to try to
alleviate the event happening again. Examples of
this can be seen in the requirement for all ships to
continually man their wirelesses, following the sink-
ing of the Titanic or more recently, the development
of a tsunami warning system for the Indian Ocean.
However it is essential that once the political heat
has passed, that ongoing support for marine sci-
ence, in its broadest sense, continues to be provid-
ed because it is from the sea that most of these
disasters develop.

Conclusions

Hydrography plays an important role in marine dis-
aster management, both in its prediction and in the
aftermath. Increasingly marine sciences are
becoming multi-disciplinary and hydrography has
an important part to play both in the scientific
research and in engineering work that may antici-
pate or follow a disaster. Traditionally hydrographic
surveys were mainly directed towards providing
data for the production and maintenance of nauti-
cal charts but today hydrography has a much
broader mandate and provides data for a great
range of environmental and engineering studies.



Basic mapping of the bathymetry is fundamental to
monitoring tsunamis in both the deep oceans and
in the coastal zone. Modern technology in the form
of multi beam and interferometric systems are
being employed to provide the dense data sets for
much of the modelling. The systematic measure-
ment of water levels in many countries provides an
important method detecting tsunami dynamics.
The measuring stations are linked by communica-
tions to provide important warning systems. To
date this activity has been mainly centred in the
Pacific Ocean but the recent disastrous tsunami in
the Indian Ocean has brought about the political
will to extend the network internationally. It is
important that such political will extends beyond
the period immediately after the disasters to pro-
vide ongoing funds of a substantial nature for
future scientific research into prediction and risk
analysis and to the construction of reliable engi-
neering defences.
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