Rough Evaporation Duct (RED) Experiment Synopsis

Science Issue

Prediction of electromagnetic (EM) signal propagation over a wind-roughened sea relies on a thorough knowledge of its interaction with the sea surface, the mean profiles of pressure (P), temperature (T), humidity (Q), wind (U) and their turbulent fluctuations (p, t, q, u). Yet, within the marine surface layer, these mechanisms are not sufficiently understood nor has satisfactory data been taken to validate empirical models. The RED experiment will provide first data for validation of both meteorological and EM propagation models in the marine surface layer for rough surface conditions.

Rationale

Over the ocean, similarity theory is often applied to construct mean profiles of T, Q, and U in the surface layer. For smooth seas, there is good agreement between theory and measurements, both meteorological and EM. However, recent evidence indicates that even small waves perturb P, T, Q and U profiles throughout the surface layer. Additional, although indirect, evidence of surface induced distortion has been derived from analyses of microwave signal propagation close to the sea surface. Effects of wave interaction with the turbulent fluctuations of p, t, q,and u have never been studied even though t, q, and u are crucial for modeling optical propagation.

EM detection of targets close to the sea surface is a significant problem: the detection of high-velocity low cross-section targets in the marine surface layer is not adequately modeled. For a typical X-band radar, previous experiments, confirming smooth sea modeling efforts, have shown that the evaporation duct (dominated by the vertical distribution of Q) decreases signal levels on a low-altitude target at crucial detection ranges by up to 3 dB. For rough surface conditions with a high evaporation duct height, the microwave propagation models underestimate signal loss by 6 dB. Similarly, experiments with optical systems have shown cases where, for a single target, the temperature duct causes the system to see multiple targets (mirages) or distorts the target image (scintillation). 

Earth science is interested in wave effects on the marine surface layer as the fluxes of P, T, Q, and U form the basis for radiation power budget calculations. As more than two thirds of the earth is covered by water, understanding the radiation balance between the marine surface layer and the free atmosphere is critical for atmospheric research. Hence, both naval operations and earth science research can benefit from a study of wave interaction with the marine surface layer.

The RED experiment will be conducted offshore of Oahu, HI, from mid-August to mid-September 2001. The Hawaiian Islands in late summer are ideal for RED because climatology shows this area and timeframe to have the highest joint probability of strong winds and intense evaporation ducts (about 20 percent of the time winds are greater than 10 m s-1 with duct heights exceeding 15 m). R/P FLIP is crucial to the success of RED. Moored about 10 km off of the NE portion of Oahu, FLIP will host the primary meteorological sensor suites and serve as one terminus for the electromagnetic propagation links (see Figure 1). The principal goals and instrumentation are described in the following sections.

Principal Goals and Instrumentation.

1.) Surface and surface layer meteorology. Fundamental measurements and analysis of P, p, T, t, Q, q, U, and u are difficult but necessary to characterize optical mirage, optical scintillation, and microwave ducting. The effects of ocean surface waves on the P, T, Q, and U structure in the marine surface layer have not been studied. To interpret propagation data and provide detailed information for models, the following measurements are required from R/P FLIP: (1) P, T, Q, and U profiles from near surface to 20m, (2) surface wave field (amplitude and direction), (3) temperature and humidity fluctuations, (4) wind stress, (5) sensible and latent heat fluxes, and (6) sea surface temperature.

2.) Upper air meteorology. Surface layer effects on propagation must be isolated from other atmospheric effects, particularly potential (but unlikely) surface-based ducts created by advection or subsidence of mesoscale air masses. Mean temperature and humidity profiles, from about 20 m to 1000 m, will be taken onboard R/P FLIP and a land site using standard radiosondes.

3.) Marine aerosol microphysical and radiative properties: White cap produced aerosol particles can significantly reduce visibility in both visible and IR wavelengths. One of the largest unknowns in modeling these particles is the role of ocean produced organic compounds on particle microphysical and consequently radiative properties. Marine particle fluxes, composition and radiative properties will be measured on FLIP and related to mean meteorological and ocean state variables.

4.) Microwave propagation link. Transmitters nominally at 2.9, 9.4, and 17.6 GHz will be installed at two heights onboard R/P FLIP. Frequencies at one height will be slightly offset from frequencies at the other height to provide height diversity measurements. A broadband receiver, located at MCAS Kaneohe, Oahu, some 30 km away, will time multiplex between the signals and record signal levels for comparison to propagation model results.

5.) Optical propagation link. A calibrated IR source will be installed onboard R/P FLIP as a source for an optical receiver located near Kahuku, Oahu, some 10 km away. High-speed data acquisition (~200 Hz) will be collected periodically for scintillation analysis. Low speed data collection, averaged over a few seconds, will be collected routinely.
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Figure 1. An overview of the RED site locations.
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