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The INTOA Experiment: A study of the ocean-atmosphere
interactions under moderate to strong offshore winds and
opposing swell conditions, in the Gulf of Tehuantepec, México
F. J. Ocampo—Torres,l H. Garcia,1 R. Durazo,2 P. Osuna,1 H. C. Graber®

Abstract. An air-sea interaction experiment (INTOA) took place from February to April
2005 in the Gulf of Tehuantepec, under the Programme for the Study of the Gulf of Tehuan-
tepec (PEGoT, spanish acronym for Programa para el Estudio del Golfo de Tehuan-
tepec). PEGOT is underway aiming for a better knowledge of the effect of strong and
persistent offshore winds on coastal waters and their natural resources, as well as per-
forming advanced modelling of the wave and surface current fields. One of the goals of
the INTOA experiment was to improve our knowledge on air-sea interaction processes
with particular emphasis on the effect of surface waves over momentum flux in the char-
acteristic and unique conditions that occur when the strong Tehuano winds blow offshore
against the Pacific Ocean long period swell. For the field campaign, an Air-Sea Inter-
action Spar (ASIS) buoy was deployed in the Gulf of Tehuantepec to measure surface
waves and the momentum flux between the ocean and the atmosphere, in particular for
offshore wind events under opposing swell conditions. High frequency radar systems (phase
array type) were in operation in two coastal sites and 3 acoustic Doppler current pro-
filers were deployed nearshore. Synthetic aperture radar images were also acquired as part
of the remote sensing component of the experiment. The present paper provides the main
results on the wave and wind fields mainly regarding the direct calculation of the mo-
mentum flux and the drag coefficient, and gives an overview of the INTOA experiment.

1. Introduction

Momentum exchange between the atmosphere and
ocean together with fluxes of heat and moisture, play
a fundamental role on weather, and climate and its vari-
ability, over a wide range of time and space scales. A
good number of experiments and field campaigns have
been carried out to better understand the fundamental
processes related to air-sea interaction and the underlay-
ing physics of various phenomena influencing directly the
atmospheric boundary layer or the ocean mixed layer:
FETCH 2 [@], SOWEX 4 [@], FASTEX 6 [@], just to
mention some of the most recent ones. All those exper-
iments have yielded important contributions to the un-
derstanding of air-sea transfer processes, however, there
are still open questions. In particular, the influence of
the sea state and underlying swell on the air-sea inter-
action requires further study to adequately understand
fundamental processes.

Knowledge on how momentum flux or wind stress vary
with environmental parameters is of increasing impor-
tance, especially to properly modeling air-sea interactions
for ocean current and wave prediction. The most impor-
tant parameters are mainly associated with the ocean
surface waves, therefore the wave field is a key factor in
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this respect.

In this context, the INTOA experiment was organized
and carried out in the Gulf of Tehuantepec, where very
distinctive processes make it a unique place since moder-
ate to strong winds show persistent direction due South
(Tehuano events), while long period swell arrives to the
study region traveling practically Northwards.

The Tehuano events are stronger and more common
during the winter, and the area can easily be considered
as a natural laboratory where specific studies dealing
with the interaction of locally generated wind-sea and
opposing swell are very appealing. The analysis of the
wave field evolution under fetch limited conditions is also
of great interest in the study region.

The INTOA experiment is one component of the PE-
GoT programme. PEGoT is underway aiming for a bet-
ter knowledge of the effect of strong and persistent off-
shore winds on coastal waters and their natural resources,
as well as to perform advanced modeling of the wave and
surface current fields. Under the PEGoT programme
various research projects are being carried out, dealing
with determination of the influence of Tehuano events
on the surface circulation as being inferred through high
frequency radar systems, as well as analyzing the genesis
of oceanic eddies and their interaction with larger scale
circulation in the Tropical Pacific Mexican waters.

The INTOA experiment main objectives are defined
as: 1) to improve our knowledge on air-sea interaction
processes with particular emphasis on the effect of sur-
face waves over momentum flux in the characteristic local
conditions that occur in the Gulf of Tehuantepec, when
the strong Tehuano winds blow offshore against the Pa-
cific Ocean long period swell arriving from the South; 2)
to describe momentum flux dependence on environmental
conditions, such as the sea state, ocean swell, wind field
and ocean surface currents; 3) to determine the evolution
of wave field in coastal waters and under a combination
of locally generated wind-sea and swell in the opposite
direction, with emphasis on the attenuation of swell; 4)
to characterize the influence of Tehuano events as forc-
ing mechanism on surface currents; and 5) to test wave
retrieval algorithms being applied to remote sensing in-
formation as obtained from synthetic aperture and high
frequency radar systems.

The purpose of this paper is very much linked to main
objectives 1) and 2) above, as the description of the wave
field evolution and wind conditions, specifically regarding
the direct calculation of momentum fluxes and the drag
coefficient. We also provide some background and the
goals of PEGoT, and the main objectives of the air-sea
interaction component, the set up for the INTOA exper-
iment and field campaign, and an overview of the domi-
nant oceanic and atmospheric conditions.

Although we briefly show preliminary results on the re-
mote sensing component of the experiment, those other
aspects such as the high frequency radar (HF WERA)
systems detailed description and results, and further
analysis of advanced synthetic aperture radar (ASAR)
images to provide quantitative information on wind fields
and the spatial evolution of swell, are to be left out of the
scope of the present paper and they will be considered in
another contribution.

In the following section a brief description of the IN-
TOA Experiment is provided. A section with the main
results follows, explaining the overall mean conditions,
wind and waves characteristics encountered, and some
relevant aspects of the momentum flux and the drag co-
efficient as they are calculated directly from the measure-
ments. Final remarks are given in the last section.
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2. Field campaign

The INTOA experiment measuring campaign was car-
ried out from February to April 2005 in the Gulf of
Tehuantepec. Momentum flux, wave field, and other re-
lated atmospheric and oceanic variables were measured
directly and simultaneously from a moored Air-Sea In-
teraction Spar (ASIS) buoy (see Figure 2). The location
was selected to monitor air-sea interaction variables un-
der fetch limited conditions during Tehuano events. The
ASIS buoy is a stable platform especially designed for
air-sea interaction studies, therefore it causes very low
distortion of surface and wind flow 8 [@], it was attached
to a tether buoy by a surface floating line of about 40
m long. Our ASIS buoy was deployed from the DRO06
Bahia Tepoca Dredge Vessel (see Figure 3) from the Mex-
ican Navy (Secretaria de Marina-Armada de México) and
moored from 22 February to 24 April 2005 in the central
part of the Gulf of Tehuantepec at 16°N, 95°W, approx-
imately 22 km offshore at a 60 m depth location (Figure

1).

A list of the sensors included in the ASIS buoy and
some of their characteristics are detailed in Table 1. The
three turbulent components of the wind velocity were
recorded with a sonic anemometer sampling at 20 Hz. Sea
surface elevation was also sampled at 20 Hz by an array of
6 wave gauges continuously measuring capacitance. The
buoy motion was detected and recorded at 20 Hz through
the measurements of three linear accelerometers, a cli-
nometer and a compass, providing the 6 components of
motion of the buoy. Air temperature and humidity were
sampled at 1 Hz, as well as atmospheric pressure. Sub-
surface water temperature was measured every 5 s at the
ASIS buoy while sub-surface current measurements every
10 min were obtained below the tether buoy. Recording
the buoy motion is crucial in order to correct all other
measurements and refer them to a proper coordinate sys-
tem following available algorithms according to 10 [@], 12
[@], and 14 [@]. Data acquired during 30 min runs were
considered to calculate the momentum flux through the
eddy correlation method, directional wave spectra and
averages or other variables reported herein, such as sig-
nificant wave height, mean wave direction, mean wind
speed and direction, etc. These measurements represent
the first time a platform of this type is deployed success-
fully in Latinamerican waters.

Directional wave measurements and the current pro-
file were acquired with ADCPs (Nortek, Acquadopp) de-
ployed nearshore at three locations where water depth
was about 20 m: 1) Espigon station at 16° 8.74’ N 95°
12.13> W, 2) Castillo station at 16° 5.3’ N 95° 15.9’ W,
and 3) Chipehua station at 16° 1.89’ N 95° 21.39’ W. Sur-
face elevation and the three velocity components due to
the wave motion were measured at a rate of 1 Hz during
1024 s every hour (every 1.5 hours for Chipehua Station),
while current measurements for the vertical profile were
sampled every 20 min at 1.0 m cells within the water col-
umn (average during 90 s). Surface wave directional spec-
tra is then obtained every hour through standard MLM
routines (16 [@]), while the current profile was obtained
every 20 min at each of the three locations.

Additionally, two sites with high frequency radar sys-
tems (Wellen Radar, WERA) were in operation for the
field campaign period, in order to retrieve surface current
and wave fields. WERA stations were located at 16° 4.24’
N 952 21.76" W (Cangrejo, CAN) and 16° 12.94° N 94°
51.16° W (Santa Maria del Mar, STM). These phase array
high frequency radar systems operated at 16.3 MHz with
a typical coverage range of 100 km. Surface current and
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wave fields can be retrieved every hour with a spatial res-
olution of approximately 1 km by 1 km. Complementing
the remote sensing component of the experiment, some
images of the ocean surface were also acquired through
the Advanced Synthetic Aperture Radar (ASAR) on-
board the European satellite ENVISAT. Sets of four sin-
gle look complex images were acquired on February 26
at 04:20; March 02 at 16:20, and March 18 at 16:17, al-
though in Fig. 1 we only show the frames for those images
closer to the coast of the first two dates.

3. Results
3.1. Overall wind conditions

Prevailing wind conditions during our field campaign
were typical for the Gulf of Tehuantepec winter season.
At least eight Tehuano events were present and max-
imum wind speed (average over 30 min) was detected
between 10ms~' and 19ms™' (see Figure 4). Wind di-
rection during these events is persistently to the South,
while it varies between events when wind speeds are even
lower than 5ms~". In some cases moderate wind blowing
towards the North was observed (day 58).

In general terms, total duration of Tehuano events de-
tected varied from about 20h to 140h. The onset time
observed was between 5h and 19h, although for most
cases just about 6h were required to reach maximum wind
speed. A characteristic sudden drop in wind speed in the
middle of the event was observed in at least four of those
events detected, showing wind speed as low as lms ™.
This relaxation in wind speed is however, still an open
question. Some characteristics of these events, including
start date and time, are given in Table 2.

The frequency distribution of wind speed during the
INTOA experiment is shown in Figure 5. Tehuano event
speed distribution is also shown as rather wide compared
with the total distribution. Furthermore, two relative
maxima can be depicted, at low and high speeds (bi-
modal distribution). For the period of our measurements
the frequency distribution for the full amount of wind
speed data resembles a Rayleigh distribution with 6ms~!
as the most frequent speed.

In Figure 6 the frequency distribution of wind direc-
tions is shown. During Tehuano events direction is prac-
tically concentrated towards 190°420°. The full distribu-
tion shows two maxima, one corresponding with Tehuano
events and the other one (as secondary maximum) with
wind blowing to the North.

3.2. Wave field characteristics

The wave field in the Gulf of Tehuantepec can be de-
scribed by the presence of a complex sea state, ie. typi-
cally a combination of wind-sea and swell, where swell can
be regarded as one or more systems. Furthermore, swell
is practically present all year round. Whenever there is a
Tehuano event, swell is practically opposing the wind di-
rection, otherwise there might be swell along wind, with
rather low to moderate wind speeds though.

Locally generated waves during Tehuano events were
observed with significant wave height as high as 2.5m as
measured by the ASIS buoy, approximately 20 km off-
shore. The same winds however, are known to generate
higher waves further offshore. The presence of swell over
the whole measuring period is very characteristic. Swell
significant wave height varied from somewhat less than
0.5m to about 1.5m, as detected by the ADCPs nearshore
(See Fig. 4).

In the Gulf of Tehuantepec we typically encounter an
interesting combination of wind and waves, with charac-
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teristics such as: 1) Offshore wind (moderate to strong)
and opposing swell (low swell or high swell), 2) Other
wind conditions (rather low wind) might allow swell
present along wind, and 3) Presence of swell as one or
more systems.

We focus this analysis to the wave field evolution for
complex sea states when there is locally generated waves
being forced by offshore winds and swell approaching the
region in opposite direction. Swell conditions present are
classified as low and high significant wave heights. We
refer to low significant wave conditions when Hs is ap-
proximately 0.5m as average, while high significant wave
conditions when Hs vary from 1.0 m to 1.5 m, approxi-
mately.

Time series of wave spectra as a function of frequency
can be seen in Figure 7. For the case of wave spec-
tra as obtained from the ADCP measurements nearshore
(Figure 7 a), the time evolution of the wave field shows
essentially the swell signal. Arrival of shorter swell as
time goes by can be readily seen, showing the classi-
cal dispersion process when waves propagate away from
the source (distant storms). The presence of one or
more (sometimes even three) swell systems at a partic-
ular time is also depicted. Practically most of the swell
energy is encountered between 0.05 Hz and 0.09 Hz fre-
quency bands. Regarding the results from the ASIS buoy
measurements (Figure 7 b)), spectral energy density in
the high frequency (typically for f > 0.2 Hz) region is
observed, specially when associated to the presence of
strong Tehuano events. Relatively low to moderate spec-
tral energy events are also observed with intermediate fre-
quencies (0.10Hz > f > 0.15Hz), between low-frequency
long swell and high-frequency short locally-generated (as-
sociated with Tehuano events) wind-waves, which can be
related to minor storms relatively closer than those gen-
erating the strong swell. Ocean swell arrival and its vari-
ation as a function of time is also shown at frequencies
somewhat around 0.1 Hz and lower.

An example of directional spectrum obtained from the
ASIS buoy measurements is shown in Figure 8, for 01
March 2005 at 04:23 GMT (dd=60.1826). For this par-
ticular case a Tehuano event was on, therefore locally gen-
erated waves are readily apparent in the relatively high
frequency region within the spectrum. The wind blow-
ing (iﬂ"shore (note the arrow in the polar plot) is over 15
ms” .

The presence of more than one wave system was rather
common during the experiment. In Figure 9 an example
of directional wave spectrum is shown when three wave
systems were depicted. This particular case is close in
time to one of the ASAR image acquisition during the
experiment.

3.3. Presence of swell

An example of the swell directional spectrum retrieved
from the ADCP at Chipehua Station is shown in Figure
10. Waves were recorded at about 40 min after acquisi-
tion time for one of the ASAR images obtained. A well
defined swell system is readily apparent showing main
wave traveling direction between North and -30°. Wind
speed is rather low, about 2 ms™! as shown by arrow
from the center (recorded by ASIS buoy).

Analysis of swell propagation and evolution can also be
performed through the information retrieved from ASAR
images. In Fig. 11 an example of such an image is pro-
vided (See Fig. 1 for frame location and orientation as
reference). ASAR images were acquired by the European
satellite ENVISAT over the study region. This particu-
lar one is from February 26, 2005, where internal wave
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packets can also be observed. A set of 5 sub-images (512
by 512 pixels each) were extracted from the image at lo-
cations given in Fig. 1 in the neighborhood of the ASIS
buoy, to estimate the directional wave spectra shown in
Fig. 12to 16. Two swell system appear to propagate to-
wards North and towards -20°relative to North, respec-
tively. The wave systems main wavelength vary from
300m to about 180m, while overall estimate of significant
wave height reveals a consistent and gentle increase (from
0.60m to 0.80m) as the swell propagates Northwards.

3.4. Momentum flux and the drag coefficient

From wind velocity components measured by the sonic
anemometer onboard the ASIS buoy, the wind stress ()
can be directly calculated through the eddy correlation
method as

T=—p (W%%—Wj), (1)

where v/, v/, and w’ are the turbulent velocity compo-
nents, p is the air density and the overbar represents time
averaging over 30 minutes. Wind stress is typically ex-
pressed in terms of the drag coefficient Cp by

T =—pCpU?Z. (2)

To avoid dependance of C'p on measuring height and
atmospheric stability, Cp was computed for neutral con-
ditions at the 10 meters standard height.

Wind speed was converted to neutral conditions value
using the flux profile relation (18 [@])

Usn = Uz + (us/K)u(2/L) (3)

where k is the von Kdrmén constant, 1, represents the
nondimensional gradient suggested by 18 [@Q], and L is
the Monin-Obukhov length scale.

Wind speed at standard 10 m height was then calcu-
lated assuming a logarithmic wind profile

« 10
Uion =U.n + L log — (4)
K z

and the drag coefficient directly determined through 2.

The neutral drag coefficient at 10 m height (Cp,,y)
is plotted as a function of wind speed (Uion) in Figure
17. Single values of Cp,,, for each 30 minutes are repre-
sented by dots, diamonds are the average of Cp,,, within
wind speed bins of 1 ms™!, and error bars are one stan-
dard deviation of of the variation of Cp,,, within each
wind speed bin. For visual purposes all data points from
the first bin (mean Cp,,, = 9.7x1073+£6.9x 107%) and
4 data points from the second bin were excluded from the
graph. It can be seen that the drag coefficient tends to
decrease with wind speed from low wind up to 7 ms™!
whereas for higher winds there is a linear increase and
reduced scatter. The best fit for Cp,,, as a function of
wind speed is:

Cp —1x10"3 1+ 2‘7U1_0%\7 +4'1U1_0?V Uiony < 7ms™!
o 0.73 +0.083U10n  Uson > 7ms™"

()

Observed Cp,,, values are moderate and consistently
higher than those reproduced from commonly used rela-
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tionships. In particular at low winds, no constant value
was found in contrast to what has been earlier reported
20 [@]. The high drag coefficient values observed during
low wind conditions are probably caused by the presence
of swell as previously reported by 22 [@] for similar con-
ditions of offshore winds in the Gulf of Mexico.

On the other hand, during moderate to high wind con-
ditions (U1o > Tms™') almost all data, around 90%, cor-
respond to northerly winds, i.e. offshore winds. Under
these conditions at the fixed fetch of the buoy (22 km)
wind generated waves are underdeveloped and wind seas
became younger with increasing wind speed. Using a
carefully selected set of data from several field experi-
ments, it has been found (12 [@]), that for wind seas the
sea surface roughness, zp, increases with increasing wave
age, defined as the ratio between the friction velocity and
the phase speed of the wind sea peak frequency (u./Cp).
Under neutral conditions there is a unique relationship
between the surface roughness and the drag coefficient

Cp.y = r*[log(2/20)] > (6)

hence is indistinctly to discuss in terms of zp or Cp.

In figure 17 dotted lines represent the Cp,,, associ-
ated with the indicated wave age constant values, ac-
cording to 12 [@] relationship. It seems that the ob-
served Cp,, for moderate to high wind conditions might
be better represented by a relatively constant wave age
ux/Cp ~ 0.08, although under those conditions in real-
ity the wind sea wave age increased linearly with wind
speed and ranked, in average, from 0.05 at 7 ms™' to
0.125 at 20 ms™'. Corresponding values of Cp,,, for ob-
served wave ages using 12 [@] pure wind seas formula are
higher than the observed ones (not shown). It is worth
to mention that the presence of swell can mask the re-
lationship between wave age and surface roughness 24
[@]. Swell is present practically all over the study period,
then 24 [@] relationship is used here only as a reference
of what would be expected in the absence of swell, i.e
in pure wind sea conditions. We advance the hypothesis
that the presence of swell, somehow, reduces the wind
sea roughness, hence the Cp,,, . Observed drag coeffi-
cient in moderate to high wind conditions will correspond
to Cp,,n associated with young waves that do not reach
an hypothetical pure wind sea roughness value due to the
influence from the background swell. A complete descrip-
tion of this matter however, escapes from the purposes of
this manuscript and it is suggested to be dealt with in a
further analysis and report it elsewhere.

4. Conclusions

The most important characteristics and overview of
the INTOA Experiment have been presented here. Al-
though it is clear that one single experiment is not enough
to solve all still open questions, the initial objectives of
the INTOA Experiment have been achieved.
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Figure 1. Map of the Gulf of Tehuantepec study area with color-coded bathymetry (depth in m).
Frames correspond to two ASAR images acquired by ENVISAT on February 26 (Red frame) and March
2 (Blue frame). Mooring location for the ASIS buoy is also shown (circle with plus sign). Central
position for five sub-scenes extracted from Feb-26 ASAR image to retrieve wave information and spectral
estimates are shown (red dots) in the vicinity of the ASIS buoy location. HF radar WERA system sites
(Squares filled with cyan and magenta) and coverage (Santa Mara del Mar STM: cyan; Cangrejo CAN:
magenta). Location for nearshore deployed Nortek ADCPs (triangles filled with green) are for Espigon
station (triangle pointing East), Castillo station (triangle pointing North), and Chipehua station (triangle
pointing Westward).
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Figure 2. ASIS bouy in the Gulf of Tehuantepec during the INTOA experiment in 2005 attached to a
tether buoy (in the back) by a line with floats.
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Figure 3. Picture of the ASIS bouy in the Gulf of Tehuantepec during the INTOA experiment in 2005
and Bahia Tepoca DR06 Vessel.
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Overview of measurements at Gulf of Tehuantepec 2005
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Figure 4. Overall mean conditions and overview of measurements in the Gulf of Tehuantepec during
the INTOA experiment. Top panel: Horizontal lines indicate the period of time when the high frequency
radar systems (WERA) were in operation (cyan: STM; magenta: CAN); Acquisition time for three sets
of ASAR images are shown (black dots); Wind speed (ms™!) is scaled by a factor of 0.10 (green) and
significant wave height is given in m (blue) as measured by the ASIS buoy, while significant wave height
measured by an ADCP nearshore (red) is also shown. Bottom panel: Wind and mean wave direction
(green and blue dots, respectively) are shown in degrees measured clockwise from North (oceanographic
convention).
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Figure 5. Frequency of occurrence distribution of wind speed during the INTOA experiment. Wind
speed distribution for exclusively Tehuano events is depicted (Cyan bars).

200 —

150 —

100 : —

Frequency of occurrence [Number of data points]

50

. H.H! HHHHEHHH

0 50 100 150 200 250 300 350
Wind direction [clokcwise relative to North] in the Gulf of Tehuantepec. [CYAN] during Tehuano events

Figure 6. Frequency of occurrence distribution of wind direction during the INTOA experiment. Wind
direction distribution for exclusively Tehuano events is depicted (Cyan bars).
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Spectral Energy Density [m 2 Hz'1] at Gulif of Tehuantepec (Nortek T0281201)
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Figure 7. Time series of wave spectra as a function of frequency obtained from a) ADCP measurements
nearshore at Castillo Station (water depth is 20 m approximately), and b) ASIS buoy (water depth about
60 m). Note the different scales, both in frequency and time, in order to better appreciate spectral energy
features from each type of measurements.
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Directional spectra 01-Mar-2005 04:23:00 day of 2005= 60.1826
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Figure 8. Ocean surface wave directional spectrum [m*Hz '] calculated from ASIS buoy measurements
for a particular time when a Tehuano event was on. Direction is measured clockwise from North, while
frequency is measured away from the plot origin up to a maximum of 0.6Hz. Loci for 0.2Hz and 0.4Hz
are indicated (dotted circles). Wind speed scale is shown with an horizontal arrow equivalent to 5ms™".
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Figure 9. Ocean surface wave directional spectrum similar to Figure 8, but for a particular time when
three wave systems were present. Note that spectral energy density scale is 0 to 1x10™ [m?*Hz ™).



X - I6CAMPO-TORRES ET AL.: AIR-SEA INTERACTION EXPERIMENT IN THE GULF OF TEHUANTEPEC

Directional spectrum 02-Mar-2005 17:01:31 dd2005= 61.7094 Hs= 0.80[m]
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Figure 10. Swell directional spectrum calculated from ADCP measurements nearshore at Chipegua
station, for a particular time (March 02, 2005 at 17:01 h) very close to one ASAR image acquisition
for the study area. Maximum frequency is 0.25 Hz, and loci for 0.1Hz and 0.2Hz are indicated (dotted
circles). Note that spectral energy density scale is 0 to 1x1072 [m*Hz ™).
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Figure 11. ASAR image of the Gulf of Tehuantepec acquired during the INTOA experiment in 2005.
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Figure 12. Directional wave spectrum as obtained through the inversion of the ASAR sub-image
spectrum from location centered at 15.98°N and 94.98°W.
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Figure 13. Directional wave spectrum similar to Fig. 12, but for ASAR sub-image from location
centered at 16.02°N and 94.98°W.
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Figure 14. Directional wave spectrum similar to Fig. 12, but for ASAR sub-image from location
centered at 16.06°N and 94.99°W.
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Figure 15. Directional wave spectrum similar to Fig. 12, but for ASAR sub-image from location
centered at 16.09°N and 94.99°W.
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Figure 16. Directional wave spectrum similar to Fig. 12, but for ASAR sub-image from location
centered at 16.12°N and 95.00°W.
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Figure 17. Drag coefficient from observations in the
Gulf of Tehuantepec as a function of neutral wind speed.
Dots represent data values for each 30 minutes, diamonds
are the average Cp,,, Within wind speed bins of 1 ms™'
and the error bars are one standard deviation of Cp,,
within each wind speed bin. The lines represents ex-
pected Cp,,, from commonly used bulk formulae: 26
[@] (solid) and 20 [@] (dashed); and from constant wave
age values using 12 [@] formula for pure wind seas.

Table 1. List of sensors and some of their characteristics
used onboard the ASIS buoy for the INTOA field campaign in
the Gulf of Tehuantepec during the first part of 2005

Sensor Brand Model Sampling frequency Height [m]
Sonic Anemometer Gill R3A 20 Hz 6.5
Capacitance Wave Gauges CCIW 20 Hz + 1.25
Lineal Accelerometer Columbia Res. Lab. SA-307THPTX 20 Hz -7
Clinometers Systron Donner In. Div. GC1-00050-100 20 Hz -7
Compass Precision Navigation Inc. TCM-2 1 Hz -7
Temperature and Humidity Sensor Jautering Int. Corp. MP101A 1 Hz 4.5
Barometer Setra 270 1 Hz 2.5
Thermograph Richard Brancker Res. TR-1050P 0.2 Hz 2.5

Currentmeter General Oceanics Inc. UCM-600L 5 Cyc hr—1 -6
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Table 2. Characteristics of Tehuano events occurred during
the INTOA field campaign in the Gulf of Tehuantepec in early

2005

Label for Event Start date and time (GMT) Duration [h] Mean Speed [ms~!] Maximum Speed [ms~1!]
TE1 22 Feb 2005 01:04 87 8.45 12.33
TE2 25 Feb 2005 08:54 50 5.89 10.79
TE3 28 Feb 2005 05:59 117 8.84 15.96
TE4 02 Mar 2005 23:53 137 9.53 13.57
TE5 09 Mar 2005 00:17 140 12.91 19.26
TE6 16 Mar 2005 09:55 66 11.61 15.89
TE7 22 Mar 2005 10:13 18 5.17 8.33

TES8 26 Mar 2005 16:33 91 11.98 18.66




