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Our ultimate goal is to draw a probability map around a votcarmere contours represent the proba-
bility of a flow over some critical value, say 2m, over a subgtd length of time, say 100 years. We are
specifically interested in mapping regions of very IBhson > hgit) to determine safe locations for mu-
nicipal development (e.g. hospitals, schools). Our madhitothis mapping is the TITAN software which
is a computer model of pyroclastic flows.

This problem raises some significant statistical challenge
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. We seek to predict the probability of events for which wedto never have data, i.e. catastrophic

events.

. Data collection for large volume flows is a bit spotty dueohwious safety concerns, and data for

frequent yet small volume flows is “pre-binned”. However,bRd and Simon have been making
some progress on characterizing a distribution for the flolume.

. The TITAN software is moderately expensive 1 hour per sample). This rules out any hope of using

TITAN output directly as samples in a Monte-Carlo (MC) siation of rare events, even if utilizing
variance reduction techniques (importance sampling, etc)

There are several issues in designing emulators of th&N hiodel for this system.

a) Zeros — the output from one run will typically have no floneowa significant portion of the land
area we wish to map.

b) Designing a “spatial” emulator, i.e., one that can inbdaite output of interest (max height, say) at
untested locations around the volcano is challenging bohtd the size of the design problem and
the zeros mentioned previously.

Proposal for a “simple” emulator/sampling problem:
Calculate P(hmax > herit) at a single spatial location of interest

First lets consider the model inputs:

1.
2.

Initial mass location (stochastic) — East and North co@igs, each uniformly distributed

Flow volume (stochastic) — Volume of flow, Pareto disttémiwith parameters determined from flow
data by Robert and Simon.

. Initial flow velocity (stochastic?) — Starting velocity foow. Currently taken to be zero.

Friction — two sorts (?) one material dependent — fricietween interacting grains of material, one
friction of material interacting with the ground — dependsrainfall.

. any others?
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First problem

A reasonable goal for our first problem is to find the probabthat the maximum flow heighhax, at one
specific interesting locationarge = (Etarget; Ntarget), €Xceeds some critical flow heighiigit. First, let's
consider fixed friction coefficients and zero initial velycfthese will be issues to address later). Then we
are looking for themost likely combination(s) of volumes and initial flow coordinates thaherate a flow
such thatyyax (Xarget) > Nerit (Xtarget )-

Naive idea

Ideally, we would sample volumes from Robert and Simon'srithgtion, varying the initial coordinates
uniformly (? or according to some known distribution for &emi volcano) and use these values to initialize
TITAN runs for a Monte-Carlo (MC) simulation and compute grebability, P(Nmax (Xtarget) > herit (Xarget ) ).
directly.

Problems with this idea

1. Itwould take an unreasonable number of TITAN runs to firslphobability with decent error bounds,
even if the probability was fairly large.

2. Presumably, many TITAN runs in this scenario will give wsflow at the site of interest — obviously
a waste of resources.

3. If P(Nmax(Xarget) > herit (Xarget)) 1S Small, we may only directly sample a few volumes large ghou
to get get a flow withhax nearhi; and those flows may be “wasted” on initial coordinates thet, s
send the flow down the other side of the mountain.

Slightly less naive idea: importance sampling an emulator

Emulating the surface that we wish to sample is attractieabse (obviously) emulator evaluations are very
cheap. Designing the emulator for this use probably won'triv&al. Working on the assumption that we
are looking for the smallest volume flow to causbn@x nearhgit at Xarge, We can restrict the domain of
the initial flow coordinates to be some interval centerediad® = O (consider east and north coordinates
as an angle) where = 0 “lines up” with thex.arge. How large to make the range of angles will probably
be problem specific (and informed by the geography, rivdeyaletc). We will also want the design space
to cover a range of volumes that give us a rangbn@f(Xarget) aroundhit (Xarget ), SaYhmax € (€, 2Nmax]-
Presumably this will take some tinkering to figure out an apgate design domain. Once we have a surface

cartoon emulator output
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Figure 1: Cartoon of surface we wish to emulate and sample.

established, we can use importance sampling to focus thglsatin the region of the design domain.
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How to proceed initially?

1. We could work backwards. That is, choosexahy , a range of angles, and a range of volumes, then
based on thé.x surface generated, chooselgp:. (Maybe some runs alreday exist that might be
suitable to use?) Clearly this is not the way to proceed feadistic problem, but it seems like easier
test of concept problem.

2. It would be nice to have a truth mesh of the initial desigmédin to get a feel for what this surface
looks like. This might illuminate how to proceed somewha,,igive us a better senses of what the
design domain should look like, suggest the sort of reguedsinctions to consider.

3. Other thoughts?



