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History of navigation

New perspectives on indigenous
navigation tradition

An article by INGO HENNINGS

Stick charts are a significant part of the Micronesian Marshallese navigation tradition
in the Pacific Ocean. The islanders navigated without instruments just by observing,
among others, oceanic phenomena such as swells, currents, and roughness character-
istics of the sea surface. For a long time, the explanation of the various sticks of such
latticework remained secret and something of a mystery and was only obtained by
oral transmission under great difficulties. Old and new interpretations of stick charts
are compared and presented. Signatures of different swells manifested on stick charts
were identified and proved by satellite remote sensing data. Current research on indig-
enous navigation is growing to conserve such unique tradition in the Pacific and espe-

cially in the sea area of

the Marshall Islands. For
scientific research on
indigenous navigation
knowledge collabora-
tion between natural
scientists and ethnolo-
gists is necessary.
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Fig. 1: Map of the Marshall
Islands with names of islands
and atolls. DUD is the abbre-
viation for Delap-Uliga-Derrit,
a major population centre

Marshall Islands | stick charts | swell diffraction | neutron diffraction | CHRIS satellite image

1 Introduction
Many small island nations worldwide are vulner-
able to sea level rise due to global climate change.
An accelerated rise in sea level would further
threaten human and natural resources with inun-
dation, coastal erosion, increasing flooding, loss of
fresh water and arable land. Environmental disas-
ters, such as typhoons, generate wave fields with
significant wave heights of more than 10 m wash-
ing across an entire islet, swamping groundwater
lens with salt water, causing enhanced salinity
concentration and thus imperilling human survival
(Spennemann 2006). Climate change could result
in major lifestyle changes, threatening or losing
a nation’s cultural identity and economic growth
potential.

The article focusses on the Republic of the Mar-
shall Islands (RMI) in the north-west equatorial Pa-
cific Ocean. This small atoll nation is comprised of
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29 atolls and five islands, with an average elevation
of less than 2.4 m. The Marshall Islands are aligned
in two island chains running roughly NNW to SSE:
the western Ralik Chain and the eastern Ratak
Chain. A geographical map of the Marshall Islands
with the names of islands and atolls is shown in
Fig. 1. Different newspaper articles and television
contributions in 2009 reported about the loss of
atoll ground of up to 40 m on the Likiep atoll of
the Ratak Chain since 1995. If the Marshallese peo-
ple were to be resettled not only the islands but
also their traditional way of life would vanish sub-
sequently.

Two- and three-dimensional bathymetric charts
of the sea area around the Marshall Islands of
Micronesia in the Pacific Ocean are shown in Fig. 2.
The source of the data set is »The GEBCO_08 Grid,
version 20100927 (GEBCO is the abbreviation for
General Bathymetric Chart of the Oceans). The
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Source: The GEBCO_08 Grid, version 20100927

Fig. 2: Two- and three-dimensional
bathymetric charts of the sea area
around the Marshall Islands of
Micronesia in the Pacific Ocean
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data were visualised by using the Generic Map-
ping Tools (GMT) software. Fig. 2 shows that the
islands and atolls arise almost vertically upwards
like needles from the deep ocean basins. Such
morphological features cannot be detected by
repeated vertical soundings for navigation and a
boatman could not be warned in time when en-
tering shallow sea areas. This could be one reason
why sounder techniques are not known and used
by the islanders of the Marshall Islands when ap-
proaching an atoll from the deep open ocean.
Therefore, the islanders navigated, among others,
by using oceanic phenomena such as swells, cur-
rents, and roughness characteristics of the sea sur-
face. On the other hand the draft of an outrigger
canoe is small, which implies that sounder tech-
niques are not relevant and not used for naviga-
tion purposes.

The islanders of the Micronesian Marshall Islands
made simple latticework for the purpose of practi-
cal navigation which is known as stick charts. Stick
charts are a significant part of the Marshallese nav-
igation tradition. An example of a RMI stick chart, a
so-called group chart or rebbelib, is shown in Fig. 3
(Krdmer and Nevermann 1938). The original of this
stick chart (No. 393:10) is presented at the Museum
fur Volkerkunde (Museum of Ethnology) Hamburg.
The general chart (rebbelib) shown in Fig. 3 based
on explanations given by Paul Hambruch (1912) is
presented in Fig. 4 (Krdmer and Nevermann 1938).
The registered sailing instructions are valid for
journeys starting from Djalut (Jaluit).

The widespread corpus of stick chartillustrations
was published by Marcia Ascher (1995). She stud-
ied models and maps from the Marshall Islands
and also wave dynamics that they incorporate. It
turned out that the collaboration between natural
science and ethnology is necessary especially for
the interpretation of indigenous navigation using
stick charts. One early example of a natural scien-

© Museum fiir Volkerkunde Hamburg
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tist as well as ethnologist was the German Paul
Hambruch (1882-1933). He was a participant
of the second part of the Hamburg South
Sea expedition 1909-1910 and first head of
the South Sea department at the Museum
fur Volkerkunde (Museum of Ethnology) Ham-
burg, Germany (Fischer 1981). During life he
kept the connection between natural science
and ethnology. At that time, ethnologists and
natural scientists took a long time to find ex-
planations for the interpretation of stick charts
used on the Marshall Islands as one important
nautical aid to sail from one atoll to another.
Today, again ethnologists, oceanographers,
and natural scientists take time to understand
and describe the effect of global climate
change, also possibly responsible for the dis-
appearing of the Marshall Islands beneath the
ocean with all their unique cultures. Fortu-

Bikar

Explanations according to Paul Hambruch (1912):
. SE-respectively S-swell, very weak
NW- respectively N-swell, weak
. SW-respectively W-swell, strong
NE- respectively E-swell, very strong
line of knots, intersection of deflecting N- and S-swell

current of the seasons, monsoon- respectively trade-wind seasons,
from the Island alternating leading off diagonal of the swell square

to the island leading diagonal of the swell square,
choppy sea 10-15 sea miles from the approaching island
region of the deflecting swell

region of the deflecting swell

region of the deflecting swell

region of the deflecting swell

Fig. 4: General chart (rebbelib) shown in Fig. 3 with explanations
(Hamburg, No. 393110, scaled down (Krdmer and Nevermann
1938)). The registered sailing instructions are valid for journeys
starting from Djalut (Jaluit)

Fig. 3: Stick chart of the Marshall Islands
represented as a group chart or rebbelib. The
original of this stick chart (393:10) is present at
the Museum fir Volkerkunde Hamburg
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Fig. 5: Stick chart (rebbelib) of
the Marshall Islands obtained
by the American missionary
Luther H. Gulick in 1860

56

nately, museums of natural history and ethnology
worldwide will show influences, effects, and inter-
actions on atoll cultures of Oceania due to global
climate change. For example, the Grassi Museum
fur Volkerkunde zu Leipzig (Museum of Ethnology)
and the Linden-Museum Stuttgart, both located in
Germany, are planning to show effects and inter-
actions between atoll cultures in the Pacific Ocean
and global climate change. Some of these new
exhibition conceptions are already partly realised.
The Museum fir Volkerkunde (Museum of Ethnol-
ogy) Hamburg presents unique objects collected
during the Hamburger Sidsee-Expedition 1908—
1910 which could also be the starting point of a
new view on traditional navigation in Micronesia.

Old traditions of the Marshall Islands are revived
presently. Genz and Finney (2006) described how
cultural anthropologists and other professionals in
Oceania can help their host countries in reaching
their historic preservation goals for an intangible
cultural heritage. They reflect the philosophy of
their current research on indigenous navigation
in the Republic of the Marshall Islands. Similarities
and differences between indigenous and Western
scientific knowledge in the sea area of the Marshall
Islands have been shown by Genz et al. (2009).
Their oceanographic perspective conformed
strongly with one indigenous concept of a lee-
wave crossing pattern resulting from refraction of
the easterly trade wind swell.

The aim of this article is the remembrance of
such unique navigation traditions in the light of
new perspectives so that they do not fall into ob-
livion and will be preserved. A brief description and
interpretation of stick charts are given in section 2.
In sections 3 to 5 three examples are presented, in
which western scientific and traditional ecological
knowledge is combined having benefits beyond

Source: Gulick 1862; Schiick 1902, Fig. 31

simply relying on one or the other, for reasons, to
make atoms and atolls visible, to superimpose two
different swells by using their trajectories, and to
identify signatures of different swells on satellite
images. Finally, the summary is given in section 6.

2 Interpretation of stick charts

A brief paragraph of stick charts of the Marshall Is-
lands was published by the American missionary
Luther H. Gulick and first caught public attention
in 1862 (Gulick 1862). Gulick obtained two stick
charts in 1860, possibly from the Ebon atoll, which
are now exhibited in the Bernice Pauahi Bishop Mu-
seum, Honolulu, Hawaiian Islands, USA. One of the
two stick charts, so-called group charts or rebbelib,
is shown in Fig. 5. The Marshall Islanders sailed with
outrigger canoes between the atolls and on the
open sea. An impression of Marshall Islands canoes
from Jaluit is presented in Fig. 6 (Hernsheim 1883).
A short description of navigation and utilisation
of stick charts was published by Friedrich Ratzel
(1886). Captain Raimund Winkler, commander of
the German wooden sheathed light cruiser »S.M.S.
Bussard« received first information of the interpre-
tation of stick charts in 1896/97 on Jaluit of the
Marshall Islands (Winkler 1901). The counterpart
of European naval sea going vessels at that time
is demonstrated by the picture of »S.M.S. Bussard«
built for German colonial service shown in Fig. 7.
Thomas A. Joyce (1908) reported that the English
translation of Winkler's German article (Winkler
1898) was not very polished and in parts almost
grotesque. However, Joyce had to confess that he
had no current information on that subject and
referred to the papers of Winkler (1901) and Albert
Schuick (1902), which, in general, are valid until to-
day and were often cited. Some details of other five
stick charts have been presented by Henry Lyons
(1928). Later on, principles and problems presented
by the stick charts have been published by William
Davenport (1960, 1964) and Kjell Akerblom (1968).

Here, a brief description of stick charts is given
according to the interpretations published by Win-
kler (1898), Winkler (1901), Schiick (1902), Hambruch
(1912), Krdmer and Nevermann (1938), Davenport
(1960), and summarised by The Metropolitan Mu-
seum of Art (2008), New York, USA. Stick charts
consist of numerous narrow strips of centre-ribs
of palm leafs lashed together in a rude latticework
and are arranged in certain forms and positions.
Cowrie snails, small shells, and small pieces of cor-
als are often fixed with lengths of coconut fibre
to the sticks in order to represent the atolls of the
archipelago. Coconut fibre was obtained from the
fibrous husk (mesocarp) of the coconut (Coco nuci-
fera) from the coconut palm, which belongs to the
palm family (Palmae).

In the Marshall Islands, navigation was and re-
mains an essential skill, on which the lives of the
navigators and all other passengers depended. In
the past, knowledge of the art of navigation was
a closely guarded secret handed down within
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certain leading families. To assist in recalling and
imparting aspects of navigational knowledge,
navigators constructed diagrams representing dif-
ferent portions of the archipelago. Made from the
sticklike midribs of coconut palm fronds, these ob-
jects were memory aids, created for personal use
or to instruct novices, and the significance of each
was known only to its maker. The charts were ex-
clusively used on land, prior to a voyage. To carry
one at sea would put a navigator’s skill in question.

The charts indicate the position of islands, but
they primarily record features of the sea. Mar-
shallese navigation was based largely on the de-
tection and interpretation of the patterns of ocean
swells. Like as a stone thrown into a pond pro-
duces ripples, islands after the orientation of the
waves that strike them, create characteristic swell
patterns that can be detected and used to guide
a vessel to land. It is the presence and intersection
of swells and other aquatic phenomena, such as
currents, that are primarily marked on stick charts.

3 Visibility of invisible atoms
and atolls

The content of a stick chart is viewed from a new
perspective if the following two responsible physi-
cal mechanisms, of how to make atoms and atolls
visible, are compared. Swell diffraction due to is-
lands or atolls can be illustrated today by analogi-
cal physics like neutron diffraction due to particles
(Paul Scherrer Institut 2009). Both mechanisms
make invisible atolls and atoms visible. By using
the experimental method of neutron diffraction it
is possible to make atoms visible, for example in
material research. A neutron can also behave like
a wave. The interaction of neutrons with atoms is
analogous to the interaction of swell waves with
atolls of the Marshall Islands. Due to such interac-
tions interference patterns arise. From the inter-
ference patterns of neutrons conclusions can be
made about the structure and movement of at-
oms. Analogically to neutron diffraction the inhab-
itants of the Marshall Islands could find the position
of aninvisible atoll following the knots (okar) of dif-
ferent swell patterns by observing them from on
board their outrigger canoes. The concept of neu-
tron and electron diffraction applies in the same
manner to Bragg diffraction or Bragg formulation
of X-ray diffraction. As a first approximation Bragg
scattering is the primary mechanism for describ-
ing the backscattering of radar pulses from the sea
surface and therefore different oceanographic and
meteorological phenomena can be made visible
like long waves, internal waves, submarine bottom
topography and ocean fronts (Hennings 1999).

4 Superposition of swell trajectories

Under the condition that an atoll can be considered
here as a homoclinic fixed point in phase space the
following example described by Nolte (2010) is pre-
sented. The superposition of two different swells
by using their wave trajectories looks just like a
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lattice-work of knots (okar). Henri Poincaré (1854 to
1912) already discovered a comparable counterpart
of such lattice-work during his study of the three-
body system in phase space. Nolte (2010) summa-
rised this discovery as follows (p. 38):

»In the course of correcting his mistake [of a sub-
mitted paper for publication in Acta Mathematica
(the paper was already through proofs and initial
printing late in 1889) from December 1889 to Janu-
ary 1890], Poincaré took a geometric approach in
which he visualized the behavior around a special
feature of the motion called a homoclinic fixed
point — a saddle point where stable and unstable
trajectories intersect in phase space. As he studied
the solutions, he discovered that the trajectories
would cross an infinite number of times. It was
that stangle« (...) that was generating the arbitrar-
ily large response to small changes in initial condi-
tions that he had discovered. He was amazed by
his own findings:

oIf one seeks to visualize the pattern formed by
these two curves and their infinite number of in-
tersections (...), these intersections form a kind of
lattice-work, a weave, a chain-link network of infi-
nitely fine mesh; each of the two curves can never
cross itself, but it must fold back on itself in a very
complicated way so as to recross all the chain-links
an infinite number of times.

One will be struck by the complexity of this
figure, which | am not even attempting to draw.
Nothing can give us a better idea of the intricacy
of the three-body problem, and of all the prob-
lems of dynamics in general

It was clear to him that he had discovered a fun-
damentally new aspect of dynamical motion. That
was the original discovery of what is today known
as sensitivity to initial conditions, which is at the
heart of chaos theory«

=

Pan, Marskall-dus
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Fig. 8: Modified CHRIS satellite
image acquired on 27 March
2006 from on board ESA’s Proba
spacecraft. Signatures of dif-
ferent interference patterns of
swells are visible. The so-called
okar, the line formed by cab-
beling points of two different
swells, has been used by Mar-
shall Islanders for navigation
from one island to another

5 Visibility of swell signatures
on satellite images

In fact, the signatures of different swells, which
have been manifested on stick charts by the na-
tives on the Marshall Islands, were indeed identi-
fied and proved when the National Aeronautics
and Space Administration (NASA) of the USA start-
ed their satellite observations of the whole earth
surface in the 1970s (Goss 1993). The imaging of
oceanic surface features on radar satellite scenes
already indicated on Micronesian stick charts was
published by Hennings (1999). As an example,
Fig. 8 shows the sea area around Swains Island,
the northernmost island of American Samoa in
the southern Pacific Ocean. The satellite image
was acquired from on board the European Space
Agency’s (ESA's) Project for On-Board Autonomy
(Proba) spacecraft on 27 March 2006. The sensor
on board of Proba is the Compact High Resolution
Imaging Spectrometer (CHRIS), achieving a spatial
resolution of 18 m in 19 programmable spectral
bands. A dominant north-easterly swell direction
is present at the acquisition time of the satellite im-
age. Signatures of different interference patterns
of swells as indicated on stick charts are visible
on this CHRIS image. The line formed by the cab-
beling points, called okar, of both swell diffraction
patterns south-westerly of Swains Island is marked
by two arrows in Fig. 8. The mechanism called
cabbeling originated from the German nautical
term >Kabbelung« meaning a rippled or choppy
structure of the sea surface. The expression okar
is used here to describe a regularly alignment of
bots, which are increased choppy seas due to the
deflection of swells by the islands itself producing
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Source: www.esa.int/esaEO/SEMNZHRMTWE_index_2.html

well-defined diffraction patterns. By identifying
this okar a boatman is able to navigate his outrig-
ger canoe from one island to another if the other
island is located in direction of the okar. A similar
satellite image was presented by Genz et al. (2009)
showing an Advanced Spaceborne Thermal Emis-
sion and Reflection Radiometer (ASTER) image of
Mejit Island from the Marshall Islands. Genz et al.
(2009) combined information from a satellite im-
age of the sea area around Mejit Island and results
of computer modelling to determine that swell re-
fraction account for that phenomenon. The satel-
lite image and the modelling results indicate how
an east swell bifurcates northward and southward
around the island due to swell refraction, resulting
in a zone of intersecting wave trains in the lee.

6 Summary

When Luther H. Gulick published a first note on
Marshallese stick charts in 1862 many people did
not believe in these different structures of the
water surface used for navigation. However, more
than 100 years later, photographs, sun glint and ra-
dar data from space borne platforms showed syn-
optic views of the ocean surface with roughness
characteristics caused by dynamical processes of
the ocean and atmosphere. These remote sensing
data confirmed the patterns indicated within stick
charts. Especially interference patterns of swells
associated with increased choppy seas around
islands have been used by the Micronesians on
board of outriggers and guided them from one
island to another.

It has been shown that Pacific Islanders have a
history of navigating without instruments across
vast distances over the ocean to reach other atolls
and islands. This art is being revived, with voyaging
canoes and Pacific voyagers serving as powerful
messengers to raise awareness of the imperilled
oceans coordinated by the Pacific Voyagers Foun-
dation. Vaka moanas, or ocean going canoes, are
sailing across the Pacific, vaka motus, or inter-island
canoes, are designed for sustainable inter-island
transport, and the vaka hapuas are built for lagoon
and short distance travelling.

Today, it is widely accepted that climate change
will threaten the whole human living space. Pacific
island countries have contributed just 0.06 % to glo-
bal greenhouse gas emission. Yet now, changing
climate and sea level rise due to global warming are
affecting Marshallese water supply, food produc-
tion, fisheries and coastlines. Although the Marshall
Islands are located 13,000 km away from Middle
Europe their destiny should also be of our interest.
It is promising that different museums of natural
history and ethnology worldwide have expanded
their main objective to maintain cultural resources
and will show influences, effects, and interactions
on the atoll culture of Oceania due to global climate
change. It is hoped that preservation and revitalisa-
tion of intangible cultural heritage of Oceania will
survive, because the paradise is defenceless. &
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Philosophy of hydrography

What exactly is hydrography?

The IHO offers an abstract definition only.
It is high time for more graphicness

An essay by LARS SCHILLER

The term hydrography has different meanings. It describes mainly the science of sur-
veying of waters and of waters-related information, to which the German Hydrograph-
ic Society (DHyG) has committed itself to. There are several definitions of the concept
depending on the nation and institution. Without doubt, the definition published by
the IHO in 2009 has the greatest impact. Still, even this institution hasn’t been able to
describe comprehensively and convincingly what hydrography is. Most of all, it lacks a
vivid description. Therefore, it is about time to point out the weaknesses of the IHO def-

hydrography | definition | terminology | lexicography | concept | philosophy of science

Introduction

Imagine you were asked to give a written answer
to the following question: »What exactly is hydrog-
raphy?

For sure, you know exactly what it is, otherwise
you wouldn't read this journal. But to be honest,
are you able to write a couple of professional sen-
tences about it? You are able to talk about it, to tell
stories of your everyday work and excel with ad-
ventures, but are you really able to describe what
the scientific characteristics of hydrography are?

Maybe you come up with the idea of look-
ing into a dictionary or encyclopaedia. Leafing
through a printed book nowadays? A searching
machine would be today’s tool presenting an im-
mediate result. From the amount of given answers
you just have to pick the best one, and even that
isn't an easy task. A glance into a dictionary would
offer you only one definition, a reliable one prob-
ably, but perhaps you aren't lucky for the following
reason: the term >hydrography< implies more than
a science (see Fig. 1).

We often talk about hydrography of rivers, which
presumably means the form of the surveyed river
bed. There exists also the hydrography of a coun-
try meaning the total amount of waters in that
country, and all these waters can be found in a list
— confusingly this dossier is also called hydrogra-
phy. And hydrography can even be objects of art
(see Fig. 2).

Dictionaries don't tell us that the word shydrog-
raphy< has several meanings. A non-hydrographer
would be happy with the definition and accept
the given answer. In Germany, most people be-
lieve that hydrography is, according to the most
widely used German dictionary Duden, the »de-
scriptive hydrology«. We are experts and see it
quite differently, stating that this is true from a
hydrologist point of view. German lexicographers
don't have a clue what the science of hydrogra-
phy really is, or maybe they just ignore us. Luck-
ily, this is different in English dictionaries, which
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mention mainly the scientific aspect. In the Oxford
Dictionary of English you can read: »the science of
surveying and charting bodies of water, such as
seas, lakes, and rivers.«

English dictionaries are on the right track. Still,
this sparse sentence isn't very satisfying and that is
why we will search for a detailed explanation.

Search for definition

You begin searching and gathering several defi-
nitions from dictionaries, standards and Internet
sites of diverse institutions. However, very soon
you start wondering: all these definitions are to
describe the same concept of hydrography as a
science. Well, either they have different focuses or
they contradict each otherin concrete details. (You
don't believe that? Then compare the definition of
the IHO of 2009 with the definition of the current
DIN standard 18709-3: 2012, which uses parts of the
United Nations definition of 1978).

For sure, you stick to the latest and most popular
definition which the IHO published in 2009. It was
about time to adapt the outdated one published
in the 5th edition of the Hydrographic Dictionary in
1994. Definitions need to be up to date because
science moves on.

inition and to present a
new one. The follow-
ing definition at least
reflects the German
understanding of the
concept from the DHyG
perspective.

Author

Lars Schiller is a hydrographer
but works as a technical writer
and a terminologist at the
Zindel AG in Hamburg

lars.schiller@dhyg.de

Fig. 1: One term with eleven
meanings. This could be an
entry in a technical dictionary

hy-droge-ra-phy -ies, | hardrogrsfi | noun,

b) surveying of bodies of water;

N o b

a) no pl,, art technique; b) artwork.

1 no pl, science of surveying of bodies of water and waters-related information;
2 no pl, a) depth measurement of waters (esp. of oceans), bathymetry;

3 no pl, a) descriptive hydrology; b) characteristic features of bodies of water,
descriptive set of waters-related data and information;

no pl, (register of the) totality of the waters in an area, waters index;

no pl., a) map element; b) cartographic depiction of waters;

shape of the bottom of a water, topography covered by water, morphology;

W
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Definition published by the
United Nations in 1978
»Hydrography may be defined
as the science of measur-

ing and depicting those
parameters that are necessary
to describe the precise nature
and configuration of the sea-
bed, its geographical relation-
ship to the landmass, and the
characteristics and dynamics
of the sea. The parameters en-
compass bathymetry, geology,
geophysics, tides, currents,
waves and certain other physi-
cal properties of sea water«
(UN1978, p. 67)

Definition in the Hydro-
graphic Dictionary of 1994
»That branch of applied sci-
ence which deals with the
measurement and description
of the physical features of

the navigable portion of the
EARTH's surface and adjoining
coastal areas, with special
reference to their use for the
purpose of NAVIGATION«
(IHO 1994, p. 108)

Definition in the DIN
standard 18709-3:2012
»Wissenschaft und Praxis der
Messung und Darstellung der
Parameter, die notwendig
sind, um die Beschaffenheit
und Gestalt des Bodens der
Gewadsser, ihre Beziehung
zum festen Land und den
Zustand und die Dynamik der
Gewadsser zu beschreiben«
(DIN 2012, p. 5)

Fig. 2: Two examples for
hydrographies by the German
artist Thomas Michel:
Capricci Genesis Nr. 25,

Cyclus Cerealis Genesis Nr. 130
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The definition of 2009 is:

»Hydrography is the branch of applied sciences
which deals with the measurement and description
of the physical features of oceans, seas, coastal ar-
eas, lakes and rivers, as well as with the prediction
of their change over time, for the primary purpose
of safety of navigation and in support of all other
marine activities, including economic develop-
ment, security and defence, scientific research, and
environmental protection.«

It may well be that you couldn't grasp the entire
meaning of the sentence. No wonder, as linguists
say that a sentence shouldn't have more than 25
words in order to grasp it right away. This defini-
tion consists of 64 words and all of them in one
sentence.

Since the definition was presented on the 4th
Extraordinary International Hydrographic Confer-
ence in Monaco there was little protest, and even
during voting process there were no opposing
votes. Nonetheless, | assume that it was difficult to
find an unanimous solution which all representa-
tives of IHO member states could accept. In the
meantime, criticism was uttered, but whether it
reached the IHO is still questionable. | believe it is
time to collect the critical comments and to offer
a counterproposal.

Critical aspects of the definition

To be brief: the definition shows deficits in the
content and form. It doesn't reflect the full spec-
trum of hydrography, nor does it fulfil the require-
ments of lexicographers. You could argue that a
definition doesn't necessarily have to comply with
formal aspects and that a reduced definition that
only mentions carefully selected aspects is good

enough. | would agree, but only if the definition
fulfils its duty and that is to explain what hydrogra-
phy is. | doubt that and | ask you: does this defini-
tion really offer an adequate and satisfying answer?

We will find out as we have a closer look at each
of the definition’s aspects.

... branch of applied sciences ...

Hydrography apparently is a »branch of applied
sciences«. Is that really true, is hydrography an ap-
plied science?

Yes and no. Without doubt hydrography is very
practice-oriented, as it should be (for application
in the present time), but there are also theoreti-
cal components. Just think about research and
development (always with regard to the future)
or the discussions about hydrography itself (often
regarding the past). Of course, hydrography is nei-
ther a theory-based nor a mere applied science. So
much to the content.

Let's look at the form: including hydrography
into applied sciences isn't very useful. Lexicog-
raphers recommend to name the hypernym in
order to provide a clear position. (Oncology is an
applied science as well, but it belongs far more to
medicine. The cocker spaniel is a living being, but
it makes more sense to call him a dog.)

From the German perspective hydrography
is a discipline of the science of surveying and
geoinformation.

... measurement and description ...
Hydrography deals with measuring and describing
waters. That is correct. Measuring includes not only
complex surveying, like calculating depths and ex-
tents of bodies of water, but also the comparably
simple measuring of e.g. water temperature.

»Describing¢, what exactly does that mean? Is
it sufficient to say »description« or isn't it be bet-
ter to also mention »depiction< as hydrography
doesn't only deal with oral or written representa-
tion, but also with visualisation? The cartographic
aspect is about to disappear in the formulation.
And also the information by means of charts, in-
formation systems and other media doesn’t come
through.

... physical features ...

Hydrography measures and describes »physical
features« of waters, so it is said. Do you have a clear
picture of these features? For sure, the statement
isn't wrong, but it remains vague and imprecise.
Such a basic formulated definition doesn't fulfil its
goal. The parameters are of interest.

By the way, the United Nations already talked of
»physical properties« in 1978. The expression still
remains too abstract, and | presume that it is to
»avoid« pointing out the concrete.

Furthermore, the expression seems to be con-
crete as only the physical features are mentioned,
but this is too narrow. The chemical parameters
(think about salinity or radioactivity) and the bio-
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logical characteristics aren't mentioned although
»habitat survey« and »biomass detection« have
been keywords for quite a while now.

And also the geographical features remain un-
mentioned, that is the relation of waters to land.
The information about water depths is only of val-
ue when the coordinates are given as well.

... 0ceans, seas, coastal areas, lakes and rivers ...
Hydrography is concerned about »oceans, seas,
coastal areas, lakes and rivers«. The list gives the
impression of completeness, but there are gaps.
Not all bodies of water are being mentioned, prob-
ably on purpose. Why are waters like creeks and
channels, wadis (e.g. in Israel) and riviere (e.g. in
Namibia) not mentioned? An explanation would
be very interesting. If all bodies of water are to be
included - except maybe underground waters —
then it should be expressed quite clearly.

Itis surprising that »coastal areas« are listed; such
a foreign matter makes us wonder. On the other
hand, the question is why shorelines are excluded
from the list.

A lexicographer would definitely say: It isn't cor-
rect to make a list and not mention everything, but
it is even worse to mention a wrong element.

... prediction of their change over time ...

The physical parameters are not only measured
and described, but the definition courageously
offers »the prediction of their change over time«.
Very clearly it is about future changes and fore-
casts. This is a laudable supplement to the previ-
ous definition of 1994. Finally, the view is turned
towards the future instead of the present time.
However, which changes and time span is thought
of? Is it only about calculating the water level
which depends on the tides? Or the global sea
level rise? Probably the formulation is imprecise in
order to have both interpretations.

I miss the comparison between past and present
although | welcome the view toward future pros-
pects. The analysis of developments plays an
enormous role (e.g. after a dredging activity) — the
knowledge about changes is the basis for any ex-
trapolation into the future.

... primary purpose of safety of navigation ...
We are told that the most important purpose
is save navigation. If | may say so, this is a very
conservative point of view. What does survey-
ing of the deep sea has to do with navigation?
Why should seafaring be interested in the forma-
tion of the sea-floor in 50, 1,000 or 4,000 metres
depth?

Of course, seafaring profits from the insights of
hydrography and captains depend on our nautical
charts. However, is it really good to declare that as
main issue of a modern definition? Maybe a broad-
er view is better. Waters are used in manifold ways:
energy is gained, natural resources are exploited,
aqua farming is cultivated. Last but not least, hy-
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drography provides epistemological progress by
making the invisible visible to the human eye. All
humanity profits from it, not only navigation.

Of course, | am aware of the hydrographical
roots. Already from an etymological point of view
it is obvious that bodies of water are the object of
description. Dangerous places or reliable seafaring
routes were drawn into charts. But are the roots
of such value that hydrography cannot do without
safety of navigation? Nevertheless, the IHO decid-
ed to mention explicitly other purposes which in
1994 wasn't the case or only implied.

... in support of all other marine activities ...
Hydrography supports »all other marine activi-
ties, it is said, followed by some exemplary key-
words. Lexicographers would criticise the incom-
pleteness of the list. Moreover, the list remains
abstract — so does the entire definition. The key-
words are not able to create an image. What is
meant with »marine activities«? In what way does
hydrography contribute to the economic de-
velopment? What is the relationship to security
and defence? What does the scientific research
include? And what is the role of hydrography in
environmental protection? There are no answers
to these questions, on the contrary: more ques-
tions come up.

Bringing together as many broad and vague
keywords in order to satisfy all interests, is doomed
to fail. Such an approach will not result in a serious
definition.

And last but not least: why are only marine ac-
tivities mentioned? What about the activities in
inland waters?

What can be improved?

Enough of criticism, the question remains what
can be made better? | come back to my initial
question: How would you define hydrography,
completely and clearly?

For sure, non-hydrographers and hydrogra-
phers would take an interest in the answer. A defi-
nition may also be helpful when research funds
are at stake and when explaining the difference
between hydrography and oceanography for ex-
ample. It can support us as well by clarifying our
profession. And a definition can be of use in pub-
lic relations.

At this point, | don't want to explain how lexicog-
raphers would write a definition nor do | point out
the hydrographers’ fields of work. The answer can
partly be found in this journal, and in the Manual
on Hydrography or in the Standards of Competence,
both published by the IHO. Instead | present my
idea of a definition that does not stand in contrast
to the academic contents, which the IHO demands
in the Standards of Competence.

Make the practical test! Next time when you are
asked to explain what hydrography is then please
offer your conversation partner both the IHO defi-
nition and the definition on the next page. &

Philosophy of hydrography

References

DIN (2012): DIN 18709-3:2012 —
Begriffe, Kurzzeichen
und Formelzeichen in
der Geodasie - Teil 3:
Gewdsservermessung/
Concepts, abbreviations
and symbols in geodesy
- Part 3: Hydrographic
surveying; Beuth Verlag,
Berlin 2012

IHO (1994): S-32 -
Hydrographic Dictionary.
Special Publication
No. 32, Part 1, Volume 1,
English, Fifth edition; IHB —
International Hydrographic
Bureau, Monaco 1994

IHO (2008): M-5 — Standards
of Competence for
Hydrographic Surveyors.
1oth edition; IHB -
International Hydrographic
Bureau, Monaco 2008

IHO (2009): Proposal to
Approve New Definition of
Hydrography; in: IHO: 4th
Extraordinary International
Hydrographic Conference,
June 2-4, 2009, Monaco,
Report of Proceedings;
IHB — International
Hydrographic Bureau,
Monaco 2009, pp. 38-40

IHO (2005/2010): G-13 — Manual
on Hydrography. Special
Publication No. 13; IHB —
International Hydrographic
Bureau, Monaco 2005,
corrected 2010

UN - United Nations (1978):
Report of the Group of
Experts on Hydrographic
Surveying and Nautical
Charting; in: UN (1981):
Second United Nations
Regional Cartographic
Conference for the
Americas — Report of the
Conference. Vol. I; Mexico
City, 3.-14. September 1979;
E/CONF71/3, pp. 63-96

61



Philosophy of hydrography

hydrography, n

Hydrography is a branch of the science of survey-
ing and geoinformation. It investigates the surface
waters of the earth and collects the related data
and information. Its goal is to expand the knowl-
edge of waters in order to use them responsibly
and safely and to protect the habitat.

The practical engineering and geoscientific work
is divided into three main fields of activity:

1. Surveying of waters, and recording of
aquatic data;

2. Processing of the data, administering the data
in information systems, and analysing the
total set of data;

3. Visualising the waters on charts and in
information systems, and informing about
the waters.

After the examination of a surface water hydrog-
raphy provides information about its current state
and about past and future changes.
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Hydrography makes statements about:
— the water depths in relation to a reference horizon,

- the positions of shoals,

- the positions of magnetic anomalies,

— the shape and structure of the bottom,

— the material composition of the bottom,

— the structure of the deeper soil layers,

- the location of deposits,

— the uniform change of the water level (tides),

— the short-term and long-term change of the water level
(storm surge, sea level rise),

— the height profile of the water surface (orthometric height),

— the characteristics of waves,

— the characteristics of currents,

- individual parameters of the water column (temperature, salinity),

— the structure of the water body,

- the water quality (particle concentration, radioactivity),

— the natural and artificial objects in and on the waters,

- the traffic situation on the waters,

— the course of the water’s limit,

— the course of boundaries within the waters,

— the nature of the adjacent land strip (coastal zone resp. shoreline).

Object of investigation
of hydrography
1 Course of the water’s limit

2 Nature of the adjacent
land strip (coastal zone
resp. shoreline)

3 Traffic situation on waters
4 Characteristics of waves
5 Water level

6 Height profile of the
water's surface

7 Individual parameters of
the water column
(temperature, salinity)

8 Water depths

9 Water quality
(particle concentration,
radioactivity)

*_ 10 Characteristics of currents
11 Nature of the bottom
12 Structure of the deeper

L soil layers
<

o
°_ 13 Natural and artificial objects
in and on the waters
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