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ABSTRACT _
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Se lectio n of in strum en ts for coasta l ocea nog raphi c me asu rements is difficult . Few peopl e
involv ed wit h coas t al engineer ing ha ve t he exp erience to mak e informe d deci si on s a bout wh ich
gage wil l wor k best under their par t icu lar circ ums t ances, Consideration of 8 few genera l cha r 
ac ter istics of ga ge typ es will he lp in the selecti on of th e most ap pr opri a te gage for a da t a col
lect ion effort.

ADDITIONA L INDEX WORDS: Data collection. non -d irecti onal waves. d irecti onal waves.
currents. water levels , winds .

INTRODUCTIO~N~-------------------iiiiiiiiii

Coastal planners a nd designers , a s well a s
those wh o t ry to operate and maintain coastal
works, ofte n ha ve to do t heir jo bs wi t hout infor 
ma t ion critical to success, To be su ccessful in
th e coast a l zone , one must underst a nd the env i
ronmen t in wh ich the work is to be don e . Infor 
mat ion on the wave climate, ti des , curre nts,
a nd eve n wi nds is necess ary t o t h e coastal
profess ional ; the more informati on t he better .
But how shou ld t hese data be collected? This
paper will at t empt to provide som e general
gu ide li nes t o t hose who want to coll ect these
data. It will su bject iv e ly revi ew the var io us
type s of in struments and discu ss t heir advan 
tages a nd disadvantages, as well a s depl oym ent
considerations. Th e paper is not meant to be a
t echn ical e va l ua t ion of the var iou s ge ne r ic
cla sses of instruments, nor is it intended to cri 
ti que th e specific in strument s currently a vai l
able for da ta coll ection, but rather to be a gu ide
to t he se lection of instrument types based on
general cr iteria such as cost to purch ase , diffi
cu lty to in stall or ma inta in , flexib ility , r elia 
bil ity, a nd se ns itivi ty . Th is pap er shou ld help
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Figure 1. Datawel l by. waveri der buoy.

the coasta l profe ssi onal identify the cl a ss of
instruments that would best satisfy his or her
data need s . Once the class of instrument has
been se lecte d t he reader is encouraged to in ves
t igate all in struments ava il able in that class , t o
include contact ing users of the gages , to deter
min e t hose t hat best fit their specific applica 
tion. Throu gh out th is paper , references to the
cost of in st rumen t s a nd systems are meant to be
relative to t he cost of alter na t iv e in struments
a nd not to t he project for wh ich t he data a re col
lected . Wh ile a n in strument might be expensive
when compared to other da t a coll ection al ter
nat ives , it is likely to be cheap wh en compared



Figure 2. Non-directional waves-advantages.
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to the cost of a navigation, hurricane protec
tion , or beach restoration project . Finally , the
data collected will typically provide consider
ably more in project savings through a more
refined design than the cost of data collection.

NON-DIRECTIONAL WAVE
MEASUREMENTS

The three general categories of non-direc
tional wave measurement devices are surface
following , pressure sensing, and surface pierc
ing or sensing. As the name implies, surface fol
lowing instruments are buoys (Figure 1). Sev
eral buoys of varying quality are available .
Figure 2 compares the advantages of the var
ious non-directional wave measuring devices.
Some additional comments are in order. While
any instrument can be made to be satellite
reporting , buoys are typically the only instru
ments deployed in that configuration. This
capability is most often used to increase trans
mission range of the buoy . In the United States,
the most often used system is the Geostationary
Operational Environmental Satellite (GOES)
system operated by the National Oceano-

Figure 3. Strain-gage pressure sensor.

graphic and Atmospheric Administration
(NOAA), although the ARGOS network, a coop
era ti ve effort between the Centre National
d'Etudes Spatiales, NOAA, and the National
Aeronautics and Space Administration
(NASA), is becoming increasingly popular .

Two general types of pressure sensors are
most often used by instrument manufacturers ,
strain gages and vibrating quartz sensors.
Quartz sensors have the advantage of much bet
ter accuracy but at a considerably higher cost .
Pressure sensing instruments (Figure 3) can be
sited with more flexibility since, when in self
recording mode, they require neither cable,
structure, nor shore station. This flexibility can
also be a liability , since frequent maintenance
is required using divers (Figure 4) when
deployed in the self recording mode (Figure 5).

The surface piercing/sensing category
inc! udes acoustic and optical devices , as well as
the more traditional resistance and conduct
ance measuring gages (Figure 6), because they
often require a mounting arrangement similar
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Figure 4. Non-directional waves-disadvantages,

Figure 6. Sea Data 636-11 in aitu record ing gage.

to the parallel wire instruments . While they
offer a number of advantages, there are some
drawbacks . In every case, they require a struc
ture that pierces the water surface. A particu
lar disadvantage of some parallel wire gages is
their inability to operate in fresh water , so they
have no use in the Great Lakes. Before select
ing a parallel wire gage, make sure that it will
operate where data are needed.

All instruments are vulnerable to vandalism
or fishing activity . That fact must be under
stood and considered when choosing a measur
ing device . The vulnerability of an instrument
will dictate the measures that must be taken to
protect it. Deployment considerations can over
whelm the advantages or disadvantages of the
instruments under consideration. Fishing
activity, in particular, can demand extraordi
nary protective activities. Before any deploy
ment, the type and extent of fishing must be
determined (Figure 7). Shrimping in the Gulf of
Mexico and along the southeastern Atlantic
coast of the United States requires that special
tripods or protective structures be considered
for bottom mounted instruments , for example .
Finally, when deploying instruments in self

recording mode, redundancy must be consid
ered. There is no way to verify that an instru
ment is working between deployment and
recovery, so using two instruments helps insure
the maximum data return.

The alternative to using self-recording
instruments is a real time or near real time col
lection system. While the ability to regularly
check instrument operation is valuable, there
are expenses associated with a real time sys
tem . Data collected must be transmitted by
radio, acoustically, or through a cable to a shore
station. The data are stored in memory at the
shore station awaiting transfer to the analysis
computer. While this hardware can add to the
expense of a data collection effort, technology
advances have kept costs within reason . When
armored cable is required for an installation,
costs can escalate quickly . Cable, at several dol
lars a linear foot, can become a significant part
of the installation costs.

DIRECTIONAL WAVE MEASUREMENTS

Directional wave measurements can be made
using buoys, Puv meters (gages that combine a
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304 Hcmalcy, McGehee and Kucharski

Figure 6. Baylor parallel wire gage .

pressure sensor wi th an electromagnetic cur
rent meter to determine wave height, period ,
and direction) , or arrays . The surface piercing
group of instruments is not well suited to mak
ing directional measurements, although they
might be deployed in an array to determine
wave direction. Buoys (Figure 8) are most often
used in mid- to deep-water and generally mea
sure pitch, roll, and heave, utilizing the theory
developed by LONGUET-HIGGINS et al,
(1963) . They have the particular advantage of
reliabili ty and can be installed and serviced
entirely from the surface (Figure 9). Unfortu
nately, they are large, expensive to purchase,
vulnerable to fishing activity, and difficult to
deploy because of their size (Figure 10) . In the
United States, the most successful directional
buoys deployed to date are those of the NOAA's
National Data Buoy Center (NDBC). These dis
cus buoys are fitted with a Dutch made pitch
roll-heave sensor and numerous weathe r
instruments. Their size makes them less vul-

nerable to incidents with shipping and exten
si ve tests of the buoys have demonstrated the
credibility of their data .

Puv meters (Figure 11), most often deployed
in shallow water (5 to 15 meters), use pressure
sensors to determine wave heights combined
with an electromagnetic current meter to deter
mine wave direction . As can be seen in Figure
9, they are compact and relatively inexpensive
to purchase. They share many of the same dis
advantages , though , as non-directional pres
sure sensors (Figure 10). While commercially
available Puv gages are used primarily in a
self-recording mode, some can be modified to
provide real time data, as can custom built Puv
gages. Calibration of the current meter is dif
ficult and must be done carefully . These cali
bration problems may contribute to the meters'
problems with angular resolution . Recently,
commercially available Puv meters have been
modified to include solid state memory, replac
ing the tape memory . Th is has improved data
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Figure 7. Non-directional waves-deployment conaidera-
tions .

recovery and increased potential deployment
lengths, making them more cost effective.

Arrays, like Puv meters, are generally used
in shallow water and are of two general types,
slope/curvature arrays (Figure 12) and linear
arrays . It is generally accepted that linear
arrays have the best angular resolution of all
measurement devices because they are quite
large and can use variable spacing between ele
ments (Figure 13), but they are difficult to
deploy and quite expensive because of deploy
ment considerations (Figure 10) . Slope/curva
ture arrays use the same pitch-roll-heave the
ory mentioned earlier (LONGUET-HIGGINS et
al., 1963) .

Figure 14 reviews the deployment consider
ations of each of the instrument types. Again,
deployment considerations may dictate the type
instrument selected.

One other measurement technique deserves
mention . While accuracy is not one of the
advantages of a Littoral Environment Obser
vation (LEO) program, cost is. LEO is a pro
gram operated by the Coastal Engineering
Research Center of the US Army Engineer

Figure 8. NOAA three meter directional buoy .

Waterways Experiment Station. Volunteer
observers (Figure 15) can provide information
on wave height and direction, as well as winds,
at little cost (SCHNEIDER, 1981). Similar pro
grams exist in at least two other countries. The
Beach Protection Authority of Queensland,
Australia has operated their Coastal Observa
tion Programme-Engineering (COPE) for a
number of years. Recently, information was
received concerning South Africa's Continuous
Low-level Environmental Observation (CLEO)
Program.

CURRENT MEASUREMENTS

The three categories of instrument types
available for measuring current speed and
direction represent three levels of technology.
They also represent three levels of cost. Ducted
impeller meters are relatively inexpensive but
provide less accuracy than available from other
meters . Electromagnetic meters represent the
middle level of technology. Doppler acoustic

Journal of Coastal Research, Vol. 7, No.2, 1991
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meters are the current state-of-the-art but are
quite expensive, again relatively.

Ducted impeller meters (Figure 16) have the
advantages (Figure 17) of low acquisition cost
and relative ease of deployment at various
depths (Figure 18). They can also be used from
the surface to acquire profiles of currents
through the water column. Some inaccuracies
are inherent in this mode of operation, though,
since the meter affects and is affected by the
current it is attempting to measure. For posi
tion in the water column, the better meters
have a pressure sensor to record the depth of the
measurements being taken. As might be
expected, these meters, except for the vane type
used more often in deep water oceanography,
are very susceptible to fouling. Fishing line,
kelp, plastic bags, or any other material that
might be found in the water column can foul the
impeller and put an end to current measure
ments (Figure 19). Impeller bearings are vul
nerable to wear from sediment in the water, a
common problem in inlets and another cause of
data loss. Because the instrument must
actually change direction with the current,
response is often slow and directional resolu
tion poor. Finally, the instruments typically
have limited data storage, so deployments are
relatively short (Figure 20).

The electromagnetic current meters (Figure
21) used for mean current measurements are
the same as those used for directional wave
measurements, so their characteristics are the
same. They can collect real-time data, although
they are usually deployed in a bottom-mounted,
self-recording configuration. These meters pro
vide reasonable, albeit not remarkable, reso
lution (Figure 17). They are relatively expen
sive to purchase and maintain, compared to the
ducted impeller meters, are susceptible to fish
ing activi ty, and provide data from only one
point, although they can be used to acquire
multi-point measurements through the water
column when equipped with a compass (Figures
19 and 20).

Doppler acoustic meters are the state-of-the
art in current measuring instruments. They
have high resolution, provide a profile of the
entire water column, and appear relatively free
of fouling problems (Figure 17). Their most
serious disadvantage (Figure 19) is their cost.
This meter is considerably more expensive than
the other instrument types. While it may not be

Journal of Coastal Research, Vol. 7, No.2, 1991
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Figure 11. Sea Data 635-12 self-recording directional wave gage. Often , deployment can be accomplished using less sophisticated
on-board equipment .

affected by fouling, if it is bottom mounted, it
can require the same diver servicing as Puv
meters for data retrieval. Because of its cost,
deployment of the meter must be accomplished
with considerable thought, since loss would be
expensive (Figure 19) . The chance of instru
ment loss is a serious consideration in deter
mining where to use the instrument. Although
the meter can acquire current data in as shal
low as two or three meters, it is unlikely that
the limited data that could be acquired are
worth the risk of instrument loss associated
with such a shallow deployment.

WATER LEVEL MEASUREMENTS

Traditionally , water level measurements
have been obtained using instruments with
stilling wells. More recently, both pressure sen
sing and surface piercing instruments have
been employed . The traditional stilling well
tide gages (Figure 22) have provided records on

long period waves for years and are generally
the instrument of choice. They have the advan
tages of accuracy and low cost (Figure 23), but
they require a structure and are quite large,
making them vulnerable to damage by vessels
or vandals (Figure 24) . When considering the
use of a stilling well instrument, one serious
consideration has to be the tide range. In areas
of large tidal fluctuations and flat nearshore
slopes, for example, the gage must be sited far
out on a pier or other structure and use a sub
stantial stilling well (Figure 25) . Progress is
being made in replacing float and bubbler gages
with laser measuring instruments. At present ,
most stilling well gages measure water level
inside the well using a float . Bubbler gages use
rate of release of nitrogen from an orifice on the
bottom to measure the pressure of the water col
umn above the orifice and infer the water ele
vation. Laser gages will use the reflection of the
laser from the water surface. While this repre
sents an improvement, it still has not elimi-

Journal of Coas t al Research , Vol. 7, No.2 , 1991
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I,

Figure 12. Slope Array . While only three 6en60r6 are required, four are often used for redundancy and located at the corners of
a square frame.

Figure 13. Slope array deployment.

nated the requirement for a stilling well, since
problems exist with spurious reflections from
high frequency waves .

Pressure sensing devices are similar to those
used for measuring wave heights (Figure 26)
and can even be the same . Long period waves
can be measured directly by a sensor set to mea
sure those waves or by averaging the wave rec-

ords (MCGEHEE et ai.). Figure 23 shows the
advantages of a pressure sensing water level
recorder, and it can be seen that they are the
same as those for pressure sensing wave gages.
Their disadvantages (Figure 24) are also the
same, as are the deployment considerations
(Figure 25).

Surface piercing gages can be used just as the

Journal of Coastal Research, Vol. 7, No.2, 1991
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Figur e 14. Dire ctional waves-deployment cons iderations.

pressu re se nsing inst r uments in measu ring
water level. Data collection ca n be set to mea
sure long waves directly, or they can be ob 
tained from averaging wave records. It must be
recognized , though , that accurately locating
the water su rface, relative to a datum, is more
difficult when using a subsurface gage than one
located on a structure and therefore relatively
ea sily surveyed to local monuments. Figures 23
through 25 list the advantages, disadvantages,
and deployment cons iderations for surface
piercing gages, which are quite similar to t hose
for wave measu remen ts using the same gages .

WIND MEASUREMENTS

Wind me asu r eme n ts a re often forgo tten in
devel opm ent of moni to r in g pro gr am s . Data on
the directi on a nd magn itude of winds are con
s ider ably easier to obta in than ocea nographic
measu rements because t he instrume nt does no t
have to be in the water (F igure 27) . T hese data
are of va lue to the coastal engineer or planner,
because they are so often available when wave
da ta are not . From wind data , considerable
information may be derived about the wave cl i-

t.

Figure 15. LEO observer mak ing beach slope meaaurements.
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F igure 16. Ducted imp eller current meter.
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x quate data , at a cost of usually much less than
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)( waves , currents, and t ides could be obtained

with the potential for reducing the cost of main-
tenance alone significantly . Obtained during
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F igure 26 . Sea Data TOR (te mpe ra tu re, depth record e r) .
Ra ilr oad wheel depl oym ent.

the planning proces s, data collect ed can help
refine a des ign .

Not every in strument is appropriate in every
situation . Hopefully , th is pap er has provided
information that will be useful in designing a
mon itoring effort and tailoring it to th e specific
requirements of th e project .

I

t-=-

Figure 27. Anemometer.
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o RESUME 0
II est difficil e de faire un choix parmi les ins trume n ts de me sure en ocea nographie cOti~re . Peu nombreu ses son t les person nes
im pltq uees dans l'i ngenier ie cO ti~re qu i a ie n t un e ex perie nce permettant de pr end re des decisions bien inforrn ees , assuran t ainsi
I'u t il isation du mat eriel Ie mi eux ad apte aux cond it ions particulieres . Conaidere r qu elques caracteriat iqu es d'e nsemble de s ma te
r iel s de mesure ai dero n t a se lection nc r ce lui qu i a ppa rat t Ie mieu x ada pte a l'effort enga ge dan a un e collecte de donneea.-Cath 
erine Bressolier , Geomorph ologi e EPHE , Montr ouge , France.

o RESUMEN 0
Es diffciJ realizar la se leccio n ad ecuad a del inst r ume n ta l necesa rio pa ra reali zar mediciones ocea nogrAficas . Pocas de las per son as
que lrab ajan e n el compo de 18 inge nicrfo oceanog rafi ca t ienen expe r ie ncia au ficie n te para c leg ir el apa ra to mas adecuado eo IS8
difer entes circu ns ta ncias qu e se les plantean. Este arttcu lo recoge algunos de las caracte r ls t icas ge ne ra les de los dist intos t ipos
de apara tos de medid a , con eJ fin de ay uda r e n la se lecci6n del mas ade cu ado para la tom a de datos.- Depart ment orWater S ciences,
Universi ty of Cantrabria, Sa ntander. S pain .
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o ZUSAMMENFASSUNG D
Die Auswahl von Geraten fur kustennahe ozeanographische Messungen ist schwierig. Nur wenige, die sich mit Ingenieurstechnik
im Kustenbereich befassen, haben die Erfahrung, urn sachkundige Entscheidungen uber die fur die jeweilige Problemstellung
geeignetsten Me~gerate treffen zu konnen. Die Beachtung einiger allgemeiner Merkmale von MeJ3geraten wird bei der Auswahl
des fur eine Sammlung von Daten beaten Typs helfen.-Helmut Bruckner, Geographisches Institut, Unioersitiit Dusseldorf, F.R.G.
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