ATMO/ECE 489/589 Spring 2015
Homework #6 due Fri., April 3
1.
(8 pts) The figure below shows the electric radiation field waveform radiated by the first return stroke in a CG flash.  The signal amplitude has been range normalized to 100 km (using a 1/distance relationship).  The dots are from a recording of E field, the fine solid line is an integration of a dE/dt signal measurement that was made with faster time resolution.
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Abstract: Measuring systems can now determine the
‘mumber and spatial distribution of cloud-to-ground (CG)
lightning flashes under individual thunderstorms and over
larger regions on monthly, scasonal, and annual time
scales. Here, we show how a measurement o the average
area density of strikes, Ny, over a given region, and an
assumption of complete spatial randomness, can be used
10 determine the probability that the nearest (and usually
the most dangerous) flash will be within any specified
distance of an arbitrary point or line segment in that
region.

Keywords: Risk assessmeat, Strike probability
1. Introduction

Gated, wideband lightning sensors [1.2] similar to those
used in the US. National Lightning Detection Network
(NLDN) [3.4] have been monitoring lightning in many
countries for many years, and the resulting databases now
provide accurate estimates of the average area-density of
cloud-to-ground (CG) flashes over large areas on monthly,
seasonal, and annual time scales (sec, for example, [5] and
the references therein). Here, we will show how
knowledge of the average area density of CG flashes, Ny,
over a given region can be used to estimate the chances
that the closest (and usually the most deleterious) strike
will be within any specified distance of an arbirary origin
in that region. We will also show how this “nearest-
neighbor” distribution can be generalized to. include
higher-order neighbors and strikes that are close t0 a long
line segment.

2. Nearest Strikes to a Point

We begin by supposing that the average arca-density of
flashes, N, over a region is known, and given that
knowledge, we want to determine the chances that any
strike will be within a distance, R, of any origin (chosen at
random) in that region. We will assume that cach flash is
a random event on the space and time scales of interest
and that the spatial pattern of the strike points has a
‘homogeneous Poisson distribution, i.., N, has complete
spatial randomness.  With this assumption, we can use a

method outlined by [6,7,8] to determine the probability,
i), that the nearest flash is between the radial distance
rand r + dr from the origin,
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- Solving equation (1}, we obtain
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the well-known nearest-neighbor distribution [9,10],
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Using equation [2], it is straghtforward to show that the
most probable nearestneighbor distance,
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the mean is

An integral of equation [2] describes the chances that the
closest strike will be within the distance, R,
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and, if the probability, P, is specified, then equation (3]
can be solved for R,
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Use the transmission line model expression to estimate the peak current in this stroke.    You will need to choose an appropriate value for the return stroke velocity.  You may neglect any propagation effects.

2.
(17 pts) Using the nearest neighbor probability distribution function derived in class (Eqn. [2] in the conference publication on the back of this page), verify the expressions for 


(a) the most probable nearest-neighbor distance, rmp and

(b) the mean nearest-neighbor distance, < r > then

(c) use the average CG flash area strike density value, Ng, derived in class (6.6  

     strikes/(km2 yr), calculate numerical values for rmp and < r >.

(d) use the same area strike density value to compute the probability that the closest strike 
     per year in central Tucson will be within 100 m of a randomly chosen point.
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