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		Abstract

		An uncontroversial prediction about the future of electromagnetic spectrum use is that the developed world will soon be filled with far more license-exempt low powered devices. Today's widespread deployment of Wi-Fi and Bluetooth exemplify this trend. Although in many ways a consumer's Wi-Fi enabled portable device couldn't be more  different from a licensed television broadcast tower serving a major city, the mental frameworks used in policymaking to reason about the use of spectrum remain in thrall to high-powered broadcast towers. For example, some proposals for differential power limits divide the nation into two kinds of places: rural and urban. Often policy action about spectrum is never based in any empirical knowledge about use or congestion. This paper demonstrates the problems with these approaches by reporting on a longitudinal empirical study of low-powered unlicensed spectrum use (specifically, Wi-Fi deployment) in Illinois and California over four years.    

From 2004 to 2007, researchers visited selected census block groups (N = 60) in urban, suburban, and rural areas in two states and used modified packet sniffers to identify Wi-Fi access points, collecting several million observations. By combining the packet sniffer with a GPS receiver, we estimated the location of each access point we discovered. Then, we employed the extensive diffusion of innovations literature to capture demographic features salient to Wi-Fi diffusion (Rogers, 1995), and gathered these data from the US Census. Next, we developed a demographic regression model that predicts Wi-Fi deployment in our study areas (R2 = .84; p < .001). Our method is significantly better than existing alternatives (R2 change = .48; p < .001), and is also reliable (tested via split-half/cross validation) at modeling new data (.77 â‰¤ R2 â‰¥ .92).    

Finally, we constructed a subset of the relevant Census tables for the entire US and applied our regression model to construct a national unlicensed spectrum prediction engine. Given any address in the US, our service -- named the "RED Project" for "Rendering Electromagnetic Distributions" -- predicts Wi-Fi deployment and (using a Macromedia Flash front end) dynamically renders the regression equation predictions on a street map or satellite photo at a variety of zoom levels. Aside from the possible utility of this prediction service (for example, at predicting congestion), surprisingly, our findings also overturn a number of habits of thought about spectrum. For a variety of reasons, some densely populated city blocks are devoid of Wi-Fi and some rural areas are approaching congestion failure. As the diffusion of innovations literature predicts, adoption cannot be predicted simply by income or by population density. Some "bad" neighborhoods in US cities are "good" neighborhoods of the spectrum -- that is, they are devoid of congestion -- and vice-versa. Some neighborhoods that communication companies think of as a very desirable urban market are almost devoid of signals. We conclude by trying to come to terms with the variegated new spectrum topography of low-powered consumer devices. 
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