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Study area and motivation
Field measurements in the Gulf of Tehuantepec
Waves from SAR images
Final remarks



The Air-Sea Interaction Experiment in the Gulf of Tehuantepec
(Ocampo-Torres et al., 2011, B-LM)





Basic Data Processing
30 min runs

Motion correction
Wind velocity, surface height
Wave frequency and directional spectra
Wind stress (Eddy Correlation method)

τ = −ρ(u′w′î + v′w′ĵ) (0.1)

Mean atmosphere and ocean conditions
[Wind, temperature (air, water), humidity, atmospheric pressure]
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2 F. J. Ocampo-Torres and Melville

Basic Data Processing
30 min runs

Motion correction
Wind velocity, surface height
Wave frequency and directional spectra
Wind stress (Eddy Correlation method)

τ = −ρ(u′w′î + v′w′ĵ)

Mean atmosphere and ocean conditions
[Wind, temperature (air, water), humidity, atmospheric pressure]

Observed drag coefficient as a function of neutral wind speed. Dots
represent data values for each 30 minutes. Diamonds are the mean
value of CD for wind speed bins of 1 ms−1 and the error bars are two
standard deviation. The lines are commonly used bulk formulae:
Smith (1980) (solid) and Large and Pond (1981) (dashed) [from
Garćıa et al, 2009].
Bispectrum details and definitions

Basics
For a stationary random process η(t), the spectrum F (ω) and bispectrum B(ω1, ω2)

are defined, respectively, as the Fourier transforms of the mean second- and third-order
products:

F (ω) =
1
2π

∫ ∞

−∞
R(τ) exp−iωτ dτ,

where

R(τ) = 〈η(t)η(t + τ)〉,

B(ω1, ω2) =
1

(2π)2

∫ ∞

−∞

∫ ∞

−∞
S(τ1, τ2) exp−iω1τ1−iω2τ2 dτ1dτ2,

where

S(τ1, τ2) = 〈η(t)η(t + τ1)η(t + τ2)〉

Bispectrum details and definitions
For discretely sampled data, the spectrum and bispectrum (Haubrich 1965):

F (ωk) =
1
2
E[AωkA∗

ωk
]

B(ωk, ωj) = E[AωkAωj A
∗
ωk+ωj

]
E[ ] is the expected-value, or average, operator.
A are the complex Fourier coefficients, and ∗ denotes complex conjugate.
B = 0 if the average triple product of Fourier coefficients is zero.
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Ocampo-Torres et al. 2011, (B-LMeteor)



High wind conditions

“Pure” wind-seas (Drennan et al., 2003)

 Fetch-limited conditions
 Observed z0 and CD lower than expected for pure wind-seas
 Hypothesis: Swell modifies wind-sea associated roughness 

Observed

García-Nava et al. 2012, (JGROceans)
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Swell influence on wind sea
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ζ =
Es

Eol
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Es = E( f )df
fmin

fc∫

WIND SEA TOTAL ENERGY

€ 

Eol = E( f )df
fc

fmax∫
Swell index: swell relative importance

Nearly pure wind sea

 Wind sea attenuation
 Reduction of surface roughness

Swell more important

García-Nava et al. 2012, (JGROceans)



ESA2005 ASA_IMS_1PNDPA20050226_042025_000000152035_00062_15647_0279.N1 







The port of Salina Cruz, Oaxaca. Subimage taken from 
ASA_IMS_1PPIPA20050302_162014_000000152035_00126_15711_0291.N1ESA2005 ASA_IMS_1PPIPA20050302_162014_000000152035_00126_15711_0291.N1
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Spatial variability of Sswell(k,θ)
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Series of 4 ASAR-SLC from 
02/03/2005 @ 16:20h UTC
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TerraSAR-X ScanSAR image
21- Mar-08 00:19h UTC
Satellite heading: 349.24°

HH polarization; Ascending path
Spatial resolution ~ 18 m

Salina Cruz

Golfo de Tehuantepec
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2D Image Spectra analysis
on ca. 16.5 x 16.5 km subimages

Díaz-Méndez et al. 2010, (IJRS)







Final remarks and future work
Influence of waves on air-sea interactions 
(swell reduces sea roughness at fetch-limited growth)
Spatial variability of swell spectrum
-Further analysis and retrieving wave spectra from X-band SAR
-Next field campaign in 2013

Mexican Space Agency (2011)
Open Posdoc Position 2-3 yrs (CICESE, Ensenada, México)


