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LONG-TERMS GOALS

This program aims at better understanding the impact of dominant surface waves on the short wind waves and exchange processes at the sea surface in order to improve our description of the sea surface roughness and the related air-sea interaction processes. Such knowledge is required for improvement of microwave remote sensing of oceanic and atmospheric parameters and further development of coupled ocean-atmosphere models for regional forecast and climate studies.

OBJECTIVES

1. To investigate experimentally and to analyze theoretically by means of a coupled wind-wave model the spectral development of the dominant and small-scale wind waves at the water surface and the structure of the air flow above in fetch-limited lab conditions;

2. To determine experimentally and theoretically the modulation of short wind waves and the airflow dynamics over long surface mechanically-generated waves.

3. To investigate experimentally and theoretically the influence of a long surface wave (mechanically-generated waves in lab conditions and swell in the ocean) on the atmospheric turbulent boundary layer in order to establish the sea-state dependence of the surface drag.

4. To study the influence of long surface waves (mechanical waves in lab conditions) on the mean statistical properties of the short wind waves.

APPROACH

A comprehensive study of short wind waves and exchange processes at the sea surface is undertaken through a close combination of experimental and theoretical researches. To obtain a new understanding of the air flow-long wave-short waves interactions, we design a "model" experiment in the large IRPHE-IOA wind-wave facility in which 2-scale and 3-scale wave fields are generated using various compounds of wind waves and mechanically-generated waves. We carry out wave observations both in space and time and simultaneous air boundary layer velocity measurements using the scanning slope sensor and the wave gauge array developed by NRL and a set of high resolution wave and air flow sensors available at IRPHE-IOA. The short waves properties and the air flow structure including wind stress are investigated in the light of the wind-over-wave coupling (WOWC) models elaborated by KNMI and NIERSC. To that end, we develop an extension of the WOWC theory following the path of more accurate modeling of the short wind wave spectrum in the range from short gravity to capillary waves, its modulation by long surface waves, influence of the dominant wind-generated waves and swell on the sea drag and the marine air boundary layer. Then, in the light of this new understanding, we reanalyze the previous laboratory and field experimental results where more complex wind wave fields are observed.

WORK COMPLETED

1. A series of experiments to investigate the coupled features of short wind waves, mechanically-generated or dominant wind waves and the air surface boundary layer was carried out in the large IRPHE-IOA wind wave facility. The scanning slope sensor and the wave gauge array were successfully deployed in the tank. Careful calibration of the wind and wave sensors were made before and after the experiments. A set of 46 different wave field and wind conditions, including very low and very high wind speeds, was thus documented (Figure 1).
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Fig. 1:  View of the wind wave field observed in the large IRPHE-IOA facility in presence of a long mechanically-generated wave, for 13 m fetch and 6 m/s wind speed. A part of the  40 wave gauge array and the underwater lighting system of the scanning slope sensor (visualized in particular by the blue color) can be distinguished in the photograph.

2. A preliminary analysis of the turbulent air flow over wind-generated waves at fetch limited conditions is done. The model of the atmospheric boundary layer over developing young sea has been modified to be applicable to lab conditions.

3. A code using wavelet transforms to analyze wave time series has been elaborated in order to determine short wave modulation both in terms of energy and wave scale. An extension of such a code for analysis of two-dimensional slope images is under study. The theoretical model describing the impact of mechanical waves on short wind waves (in the range from short gravity to capillary waves) has been developed. 

4. The influence of oceanic swell on the marine atmospheric boundary layer and the surface drag has been theoretically investigated.

PERSONNEL EXCHANGES AND TRAVEL COMPLETED

Table 1. Summary of personnel exchanges and travel conducted under this NICOP.

	Name
	Home Institution
	Institution Visited
	Scientific / Technical Purpose of visit
	Dates (mm/dd/yy)

	V. Kudryavtsev
	NIERSC
	IRPHE-IOA
	Preparation of experiments
	04/03/03-04/04/03

	Vladimir Makin
	KNMI
	IRPHE-IOA
	Preparation of experiments
	04/03/03-04/04/03

	Paul Hwang
	NRL SSC
	IRPHE-IOA
	Preparation of experiments
	04/03/03-04/04/03

	David Wang 
	NRL SSC
	IRPHE-IOA
	Preparation of experiments
	04/03/03-04/04/03

	Ray Burge
	NRL SSC
	IRPHE-IOA
	Preparation of experiments
	04/03/03-04/04/03

	V. Kudryavtsev
	NIERSC
	IRPHE-IOA
	Experiment, theoretical support 
	06/08/03-07/06/03

	Vladimir Makin
	KNMI
	IRPHE-IOA
	Experiment, theoretical support 
	06/01/03-07/12/03

	David Wang 
	NRL SSC
	IRPHE-IOA
	Experiment
	06/01/03-07/05/03

	Ray Burge
	NRL SSC
	IRPHE-IOA
	Technical support for experiment
	06/01/03-06/11/03

	Richard Smith
	NRL SSC
	IRPHE-IOA
	Technical support for experiment
	06/01/03-06/11/03


RESULTS
Preliminary analysis of the data set containing simultaneous measurements of the wind and wave parameters allowed to obtain relations describing the dependence of the spectral peak frequency and the significant wave height on fetch and the wind speed characteristic for extremely short dimensionless fetch. These relations show that waves are characterized by a very high steepness. The Charnock parameter (dimensionless roughness parameter) has a tendency to decrease with the inverse wave age parameter increasing.

The original WOWC model overestimates the drag coefficient for the high wind speed. This suggests that the model lacks an important physical mechanism characteristic for the air-sea interaction at extreme short dimensionless fetches (extremely young wind-sea). 

A model, which describes the impact of swell on the marine atmospheric boundary layer, is proposed. The model is based on the two-layer approximation of the boundary layer: the near surface inner region and the outer region above. The swell-induced momentum and energy fluxes are confined within the inner region. Swell loses energy to the atmosphere and enhances the turbulent kinetic energy in the inner region. Following-wind swell accelerates the flow, which for a very low wind results in a swell-driven wind. Opposite-wind swell decelerates the airflow, which for a steep swell could cause the reverse airflow. The sea drag in case of opposite-wind swell is considerably enhanced as compared to following-wind swell case. The impact of swell becomes more pronounced with the wind speed decreasing or with an increase of the swell phase velocity. The swell impact is also stronger for a steeper swell. The model reproduces qualitatively and quantitatively the main experimental finding for the ocean swell: the impact of swell on the sea drag is well pronounced for opposite-wind swell, less pronounced for cross-wind swell, and only at low wind speeds (Fig 2) (Kudryavtsev and Makin, 2003).

[image: image2.jpg]x10°

3.5

[+]3

PO

15

15

-1
Um[ms ]



Fig. 2: Modeled and observed drag coefficient Cd10 at 10 meter versus the wind speed U10 and for different swell-wind angles: following-wind swell (solid line with open circles: model, open circles: observations); cross-wind swell (solid line with pluses: model, pluses: observations); and opposite-wind swell (solid line with crosses: model, crosses: observations), no-swell case (solid line: model). The swell slope is AK=0.06, the phase velocity, C=15 m/s, parameters typical of the ocean experiments by Donelan et al. (1997) and Drennan et al. (1999).

The physical model of short wind wave (SW) spectra was extended to take into account the influence of long surface waves (LW, mechanical wave in lab conditions). Two mechanisms were investigated. The first mechanism is the impact of SW modulations caused by LW on the mean spectrum in the second order. It is shown that modulation of the energy source results in suppression of the SW spectrum. On the other hand, modulations of SW by LW result in diffusion of energy from vicinity of the spectral peak of short wind-generated waves, while the energy gap of the SW spectrum to be filled. This effect may explain suppression of spectral peak of wind waves by mechanical wave, that will be checked later. The second mechanism is aerodynamic one. Mechanical waves extract momentum from the wind and hence affect the air turbulent boundary layer. This in turn has to affect the SW wind energy forcing, and thus their spectrum. The model will be verified on lab data further in the course of the project.

FUTURE WORK

July, 2003-end of January, 2004: Final calibration and processing of the data. Preliminary analysis of the data on (1) spectral properties of dominant wind waves and structure of the turbulent air flow at fetch limited conditions with and without mechanical waves, (2) spectral properties of short gravity and capillary-gravity waves, (3) development/improvement of the model(s) on turbulent airflow and wind waves. Preliminary simulation of lab data.

February, 2004: Progress meeting at KNMI (2 weeks). Discussion of the data analysis and model comparison. Prioritize analysis and model efforts. Plan preparation of the papers containing analyzed experimental data and model analysis. Quick-look analysis of the data relating to short wave modulations and airflow undulations caused by mechanical waves. Exchange the data and developed software.

February-June, 2003: (1) Preparation of the first draft on the impact of surface wind and mechanical waves on turbulent airflow (experiment and model); (2) Analysis of the data on short wind wave and airflow modulation by mechanical waves; (3) Analysis of the data on mean spectral properties of short waves with and without mechanical waves; (4) Improvement.

June, 2004: Progress meeting at NIERSC, St. Petersburg. Discussion of the achieved results and draft of the joint paper(s). Elaboration of plans for the future.

June, 2004-March, 2005: Finalizing of the analysis of short wave and airflow modulation by mechanical waves. Model simulation. Improvement of the theory. Preparation of draft of the paper(s)

April, 2005: Progress meeting, Nice (during EGS General Assembly, 2005).

April-October, 2005: Finalizing experimental and model results. Extension of the results on real conditions. Joint analysis of data obtained in real and lab conditions. To reveal and model the mechanism that lead to significant difference of short wave spectra in the ocean and lab conditions. Final manuscript of joint paper(s).

October 2005: Final meeting at NRL SSC. Final project report.

IMPACT/IMPLICATIONS

A better understanding of small scale ocean waves, which serve as the ocean surface roughness scattering back the radar and optical waves and affect sea surface emissivity, is critical to improve the interpretation of satellite images. By providing data and predictive capability for ocean surface roughness in field conditions, this program fills an important need for the ocean remote sensing and air-sea interaction community.

TRANSITIONS

This program will provide a comprehensive experimental and theoretical dataset on the representation of the spatial and temporal evolution of small scale waves in fetch-limited lab and ocean conditions.

RELATED PROJECTS

The present project is closely related to the NRL projects ‘Transient development of nonlinear wind-generated ocean waves’ (NRL PE N61153) and ‘Nonlinear and nonstationary properties of shoaling waves’ (NRL PE N62435) focused on processing and analysis techniques of nonlinear and non-stationary waves. The knowledge derived from this work on small-scale wave dynamics and airflow-wave interaction processes benefits to ocean remote sensing programs using microwave radars and radiometers for measuring sea surface parameters.
PUBLICATIONS 

Kudryavtsev, V.N. and Makin, V.K.: 2003, 'Impact of swell on marine atmospheric boundary layer', J. Phys. Oceanogr, in press, (also KNMI Preprints; 2003-04, De Bilt, 25 p.).

