Nonlinear interactions between atmospheric waves using data from the MF radar at Arrival Heights, Antarctica

Supervisor: Dr. Adrian McDonald

Project: MF radar measurements of the dynamics of the atmosphere in the mesosphere and lower thermosphere (75-105km) have been collected above Antarctica for over 18 years. These measurements constitute a unique database of measurements. The winds at these altitudes contain strong wave-like structures, generally produced at lower altitudes in the atmosphere.

The proposed study aims to examine the seasonal variation of atmospheric waves at this altitude using MF radar data and in particular to study the possibility that non-linear interactions between atmospheric waves of different temporal scales produce significant momentum deposition. This momentum deposition is currently viewed as the key to the understanding the flow in the mesosphere, but limited observational evidence has been found thus far. The study will aim specifically to examine the wind field at these altitudes and use bispectral signal processing schemes to define regions where non-linear interactions between waves of different temporal scales occur. The interested student is referred to the following reference –

D. Pancheva, A. G. Beard, N. J. Mitchell and H. G. Muller, 2000, Nonlinear interactions between planetary waves in the mesosphere/ lower thermosphere region, Journal of Geophysical Research, 105 (A1), 157-170.

Skills acquired: This project will require the student to gain experience of scientific programming, data analysis and the used of advanced signal processing algorithms. Background reading and analysis of the data will also allow the student to gain a greater understanding of waves observed at mesospheric and lower thermospheric altitudes and their characteristics.

Further Studies of the Effect of Precipitation on VHF Radar Returns
Supervisor: Dr. Adrian McDonald

Project: It is well known that enhancements in the backscattered signal measured by microwave radar occur when clouds and precipitation are observed. These enhancements are well understood and associated with Rayleigh scattering processes. The inverse fourth power dependence of Rayleigh scattering means that radars operating at VHF wavelengths show little enhancement due to precipitation. Thus, until very recently little work has been done on the effect of precipitation on VHF radar because no clear effects should be observed. However, several recent studies using VHF radar suggest that together with the small enhancement in the returns obtained from Rayleigh scattering a second phenomenon occurs. This manifests itself as a reduction in the clear air echoes, these being derived from returns from perturbations in the radio refractive index, observed by VHF radar. This study aims to continue an initial examination of the effect of precipitation on VHF radar echoes and determine the cause of this as yet poorly explained phenomenon. The interested student is referred to the following reference –

A. J. McDonald, T. K. Carey-Smith, D. H. Hooper, G. J. Fraser, and B. P. Lublow, 2003, The Effect of Precipitation on Wind-Profiler Clear Air Returns, submitted to Annales of Geophysicae.
which can be downloaded from the page: www.phys.canterbury.ac.nz/~ajm226/ NERC_MST.htm

Skills acquired: This project will require the student to gain experience of scientific programming and data analysis using Matlab. The student will also gain an understanding of the radar technique, and the propagation of radio waves in free space. Analysis of the derived data will also allow the student to gain a greater understanding of the scattering phenomena observed by these radars. This work will also allow the student to gain a significant understanding of how clouds are observed and the current theories in cloud physics. The interested student is advised to take PHYS417 which will discuss some of these issues.
Observations of Convection and Internal Gravity Wave Production

Supervisor: Dr. Adrian McDonald and Dr. David Hooper (Rutherford Appleton Laboratory)
Project: Recent collaborative work has shown the ability of MST radar to observe convection. Convection is considered to be among the strongest excitation mechanisms of internal gravity waves. Thus, the aim of this work is to identify regions of convection in MST radar data and then examine whether these regions can be identified as a source of internal gravity waves. The interested student is referred to:
M. J. Alexander, J. H. Beres, and L. Pfister, 2000, Tropical stratospheric gravity wave activity and relationships to clouds, Journal of Geophysical Research, 105, 22299-22309.

Skills acquired: This project will require the student to gain experience of scientific programming and data analysis using Matlab. The student will also gain an understanding of the radar technique, and the propagation of radio waves in free space. Analysis of the derived data will also allow the student to gain a greater understanding of the scattering phenomena observed by these radars. This work will also allow the student to gain a significant understanding of how clouds are observed and the current theories in cloud physics.

STAG Measurement Campaign II

Supervisor: Dr. Adrian McDonald and collaborators in the Department of Geography
Project: This project involves the analysis of data from a low-altitude measurement campaign to be flown by the Stratosphere-Troposphere Atmospheric measurement Glider (STAG). This analysis will also involve examination of mesoscale model output and ancillary observational equipment. STAG is a small glider ((2.0m wingspan) equipped with a set of meteorological measurement sensors (see figure). STAG makes measurements of pressure, temperature, relative humidity, wind speed and direction, and at a later stage ozone concentration which are telemetered back to a ground station in a similar fashion to a standard rawinsonde. The student involved will also participate in the development of a new pod which will be attached to a full-size glider. 
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Current low-level powered STAG prototype.

Skills Acquired: This project will require the student to gain significant experience of scientific programming and data analysis using Matlab or C. Background reading and analysis of the data will also allow the student to gain a clear understanding of local flows and the output of mesoscale models.
