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Extended Abstract 
 

An appreciable fraction of the Earth’s surface is under regular or near continuous illumination by HF radars 

operating in either skywave or surface wave propagation modalities. Unsurprisingly, a great deal of attention has 

been paid to the analysis of echoes from the sea surface, and the extraction of geophysical information such as 

waves and currents. Far less effort appears to have been devoted to investigation of the information content of HF 

echoes from terrestrial landscapes and the landforms of which they are comprised. This, too, comes as no real 

surprise, as the accessibility of the land surface enables in situ measurements by a diversity of instrumentation, 

while observations from space – passive multispectral or active SAR,  POLSAR or POLINSAR – provide detailed 

topographic information as well as estimates of some parameters descriptive of vegetation and surface geology. 

One might reasonably ask : What can HF radar possibly add to the picture ?  

 

To answer this question usefully, it is necessary to pose some auxiliary constraints. What if one doesn’t have 

access to the particular land surface of interest ? What if one needs real-time information ? What if the cost of 

adequate sampling using in situ measurements is excessive ? What if the non-HF measurements from space are 

frustrated by cloud, or interference or sensor limitations ?  What is one seeks information about buried structures 

not detectable by non-HF remote sensing systems ? Any of these might be reason to employ HF radar, but perhaps 

of widest interest are those cases which pertain to existing HF radar systems where the interpretation of land 

echoes impacts directly on HF radar performance in its other roles.   

 

In this paper we will address four recent developments that advance our ability to analyze and exploit echoes from 

the terrestrial surface.  

 

Surface geometry. In order to apply a scattering theory to the surface, several requirements must be met. One of 

these is a high fidelity representation of the surface geometry. It has often been suggested that fractals provide a 

more realistic description of terrestrial surfaces than other mathematical constructs. We have used a number of 

extremely high resolution digital elevation models to investigate this issue and established criteria which correlate 

fractal behavior with conventional surface descriptors. 

 

Coordinate registration. It is well known that the OTH skywave radar community has long used discrete 

prominences in maps of radar echo strength to associate with known terrestrial features such as cities or mountains 

to support coordinate registration (see [1] and references therein). Of course, where land-sea boundary mapping 

is relevant, it can provide accurate registration, given the right signal processing, as can other Doppler-based 

methods where applicable. But in general, over major land masses, it is the static land surface that must be 

exploited. By comparing OTH radar measurements with high resolution topographic maps, and using state-of-

the-art scattering models, we have demonstrated sub-grid scale precision of registration, even in the absence of 

prominences.  

 

Map segmentation. We have implemented a stochastic segmentation algorithm that yields orders of magnitude 

speed-up in optimum segmentation of heterogeneous surfaces. 

 

Electrical properties. We have used dual-site, cross-calibrated, skywave radar measurements to quantify the 

variation in scattering coefficient with soil moisture. 
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