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ABSTRACT: Experience from avalanche rescues and rescue drills reveals that often the buried victim is
not found on the first or even second pass of an organized probe line. Traditional probe spacing used in
North America is based on assumptions and practice done nearly 40 years ago (Schild, 1963 and 1973).
More recent work by Jamieson and Auger (1997) challenged those assumptions and presented evidence
that the original probabilities of detection (POD) were high, but still their probe targets were not human
shaped, and thus did not offer a realistic search target. We developed a computer program PROBE that
simulates a fully articulated human body, “buries” the body, and then implements the probing technique
specified by various command line options. The derived “bodies” offer realistic targets, and the program
can compare the PODs for different probe-pole grid patterns. 10,000 trials were run for a variety of probe-
grid spacings, including the standard coarse probe, Canadian 3-holes-per-step, and European methods.
Results suggest significantly lower PODs for the commonly used probe-grid patterns. Search and rescue
leaders should reconsider their use of the traditional techniques. Some options are offered that may make

searching more efficient, for the sake of the searchers and of the buried victim.
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1. INTRODUCTION

Probing is still necessary, even with other
preferable methods - beacons, dogs, etc. — get-
ting more attention all the time Not all victims have
beacons, or even reflectors for the Recco, and a
trained dog is not always immediately available.
Rescuers will continue to need probes and to
know how to use them to their best advantage.

2. HISTORY

From Fraser (1966), we learn that more
than 2000 years ago, the Greek geographer,
Strabo, wrote about shepherds in the Caucasus
Mountains who carried staffs that could be used if
they were caught in avalanches, thrusting the staff
upwards so that their companions could locate
them. Perhaps the other shepherds would use
their staffs as probe poles. By the 1700s and
1800s rescuers in Europe and then later America
were using organized probelines (Fraser, 1966;
Martinelli and Leaf, 1999).

By the 1950s, the “state of the art” was
typified by these instructions in Atwater-Koziol
(1952), “Probers are spaced shoulder to shoulder
and probe every square foot.” In Daffern (1973),
we find, "Probing is the oldest and least efficient
method of searching for an avalanche victim."
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According to one source, Schild (1975),
the 25 cm by 30 cm spacing was standard until
about 1960. (All grids mentioned will have the lat-
eral spacing first, and the step size second.) A 30
by 24 inch coarse probe was recommended in
Perla (1968), with a claim of “a 76% chance of lo-
cating a victim on a given pass.” LaChapelle
(1978, 1985) also recommended 30 by 24 inches.
Schild (1975) explains that a 75 by 70 cm grid re-
sults in one probe in 0.525 m?, or 1.9 probes per
m”. Using an average body with an area of 0.4
square meters, multiply 0.4 by 1.9 to get 0.76, and
expect to hit the body on the first pass 76% of the
time. The difference between recommendations in
metric and English units caused significant confu-
sion. Citing probabilities of detection as in Table 1,
Perla—Martinelli (1976) recommended the 75 by
70 cm coarse probe and the open order coarse
probe, with each rescuer probing twice at each
step in order to double the area probed in a single
pass. Hotchkiss (1985), Fredston—Fesler (1994),
and Hotchkiss, et al. (1996) give the grid as 30 by
28 inches, or have both metric and English units.

Person lying on his stomach or back 95%
Person on his side 75%
Person in vertical position 20%
Average position 70%

Table 1. Probability of detection for 75x70 cm grid, in
Perla—Martinelli, (1976).



Auger—Jamieson (1996) proposed a three-
hole-per-step (3HPS) technique in which rescuers
spaced 175 cm apart probe 50 cm to each side, as
well as in the center. The right and left probes
could be angled out at the convenience of the
prober. Jamieson—Auger (1997) used an elliptical
body that is arguably closer to reality than the 0.4
square meter body used to calculate the 76%. The
ellipses used had the same areas as the squares
used earlier, but it was expected that the ellipses
would fit between the grid holes more easily than
the squares. Averaging their results over the five
depths studied, 0.1m, 0.5m, 1.0m, 1.5m, and
2.0m, they found lower PODs for the traditional 75
by 70 cm grid (Table 2).

Vertical J-A 3HPS, <10°
Orientation 75 by 70 cm angles
grid 50-70 by 70 cm
Vertical 19% 26%
Prone/Supine 75% 84%
Side 63% 74%

Table 2. Percentage of Victims Found on First Pass
(Jamieson—Auger, 1997)

In Atkins (2000) the 3 hole-per-step
method is recognized for improving efficiency, but
the insertion of probes at an angle is rejected. This
paper claimed that uniform spacing and vertical
probes would give better results, and proposed a
60 by 70 cm probe spacing.
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3. PROCEDURES

Rather than using the simple geometric
forms used by our predecessors, we have tried to
model an articulated human body. A computer
program, PROBE, was written to generate a hu-
man body composed of overlapping spheres. The
program permits totally random orientation of the
body as well as natural bending of the major joints.
(See website for more detail.) While it can also
generate bodies with normally distributed heights
and weights, for this paper, we are using a stan-
dard body, 175 cm tall, with average build. This
size body took about 950 spheres to model. In or-
der to run tests on the same bodies with different
probing techniques, we created a file of bodies
that could be reused for many tests.

3.1 First probe pass
The initial probing investigation was mod-

eled by generating a buried body, then backing
away, out of range, choosing a random starting
point, and probing a grid starting from that point
until a strike is made or until the probing has
clearly missed the body. To test each probe
spacing, we used 1000 bodies and 10 random
starting points, giving 10,000 trials. These results
(Table 3) may explain why, in field exercises,
probelines seem to miss targets more frequently
than the literature led us to expect. Except for ver-
tical burials, we found that our model gives even
lower PODs for the 75 by 70 cm grid.

We were not just interested in under-
standing past results and unexpected failures. We
wanted to find a technique we can recommend

Target Schild Schild/
Orientation area (1963)/Perla Perla J-A (1997) ;6% F(,zRO%E)E PESSE
m? (1976) POD

Vertical 0.10 B 20% ) 19% 22%
Fronel | 050 . o5% | D> | 75% (o 74%

upine on,

Side 0.40 . 75% | < >| 63% 49%
Average 0.37 — 70% n/a n/a 59%

Table 3. Comparisons of targets (approximately to scale) and PODs for traditional 75 by 70 cm grids. gA
typical body generated by PROBE will have a surface area in the prone/supine position of 0.4 to 0.5 m".)



and teach, so we started by collecting some more
statistics (Table 4). These tests were run on bod-
ies in random positions rather than the specific
orientations used above, and using several differ-
ent grid sizes.

We also compared 50 and 60 cm grids
and the traditional 75 by 70 cm grid with the Jami-
eson—Auger angled probe 3HPS method, with
both 60 and 70 cm steps. To do this fairly, we
generated groups of bodies with similar burial
depths, at 20 cm intervals (Table 5).

Table 5 shows slightly higher PODs for the
shallowest burial (20 cm) and slightly lower PODs
at the deepest depths. At shallow depths nearly all
bodies are flat while at deeper depths more bodies
can be buried in vertical positions. This happens
because the program generating bodies discards
any body that protrudes from the snow. The differ-
ent PODs also indicate the PROBE bodies used at
different depths are indeed different.

PROBE POD on first pass
Probe grid (cm) (percent)
30x30 99.9%
40x40 97%
50x50 88%
60x60 75%
70x70 63%
80x80 51%
75x70 59%

Table 4. POD for first pass of probe line calculated
from PROBE.
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When the probes are inserted vertically
there is little dispersion about the mean POD val-
ues. However, when the probes are inserted at a
slight angle (J-A grid, 10° angle) the POD de-
creases with depth. Probes 75 cm apart and in-
serted at 10° angles will cross at about 212 cm
deep. This means that the grid is 87.5 cm between
holes at this depth. Interestingly, the angled
probes are nearest to an equal grid (about 58 cm
apart) near the 60 cm depth, possibly accounting
for the better results.

Averaging the results above may seem to
be assuming that buried victims are uniformly dis-
tributed in the top 2 meters of the avalanche de-
bris. If we had usable data about the distribution of
victims at various depths, we could weight the av-
erages accordingly.

3.2 Expected time to discovery

First pass probabilities are not the whole
story. If they were, we would still be using a fine
probe. We need to consider the need for speed.
As Schild pointed out, it takes about 5 times as
long to do a fine probe as a coarse probe. And
there is an obvious advantage to probing more
times per step. Other studies have looked at
probing efficiency by calculating probes per area
per second. We decided to take a different ap-
proach, finding the average time until a victim is
found, by simulating an actual probeline.

To find the expected time to discovery
(ETD), a new program was written that would
simulate a probeline searching for a buried victim
in a given area. We used 20 person probelines
and 10,000 square meters (1 hectare). We also
used 3.7 seconds per probe, 4.4 seconds per
step, a descent speed of 1 meter per second, and

square grid J-A grid w/angled probes, 3HPS Traditional

Depth (cm) 50 cm 60 cm 60 cm steps 70 cm steps 70x75 cm
20 90% 78% 79% 72% 63%
40 87% 75% 73% 67% 59%
60 88% 75% 73% 73% 60%
80 89% 76% 73% 67% 60%
100 89% 76% 73% 66% 60%
120 89% 77% 72% 66% 61%
140 88% 75% 69% 68% 59%
160 87% 74% 67% 61% 59%
180 88% 74% 66% 60% 58%
200 87% 75% 65% 58% 59%
mean 88% 75% 71% 65% 60%
SD 1.0 1.3 4.2 4.9 1.4

Table 5. PODs calculated by PROBE for bodies buried at different depths



a sixty second reorganization allowance. The
probing and step times were taken from a Swedish
study by Peter Margad, (1998, personal communi-
cation). The other numbers are pretty arbitrary, but
as long as they are reasonable and consistent
across the various trials, it shouldn’t make much
difference.

In order to continue probing until the body
is found, we have had to define exactly what to do
after the first pass (Figure 1). To maximize the
probability of finding the body, the second pass is
offset from the first by half the grid dimensions.
Thus, when doing the standard 70 cm by 75 cm
grid, the second pass would be offset by 35 cm up
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sets of bodies at different depths. While the Ja-
mieson—Auger proposal is actually better than the
traditional 75 by 70 cm grid at shallow depths
(Figure 3) where the resulting grid is effectively
tighter; below a meter, the angled probes result in
less efficiency. The square grids, 50 or 60 cm,
have fewer problems with missing bodies, so they
come out ahead. The differences are not huge —
less than 17 minutes out of more than 90.

Figure 3 compares probe grids that
seemed viable, historically or in recent proposals,
with some square grids added for reference. We
found that the traditional open order coarse probe,
50 and 60 cm square grids, and the Jami-
eson—Auger proposals are pretty comparable. All

1 3 1 3 1 3 1 3

4 2 4 2 4 2 4 2

other things being equal, the 60 cm square grid
seems to be the optimal grid spacing.

3.3 Multiple probeline passes

But other things are not equal. The com-
puter can simulate multiple passes with precise
offsets. Rescuers have problems just trying to do
the first grid accurately. The standard way to en-

Figure 1. Possible probe positions for 8 probeline
passes.

the hill and 37.5 cm laterally. The probes of the
second pass are exactly in the middle of the holes
left by the first pass. In a square grid, the result of
two passes is a regular grid that has dimension
0.707 times the original dimension, at 45° to the
original grid.

Every time one doubles the number of
passes, the grid is improved by 0.707 (the recipro-
cal of the square root of 2). Thus, after four
passes, the grid is half the size of the original, and
in eight passes, it is

sure an accurate probeline is to use a guidon cord
marked at the desired intervals. If the area probed
is well marked, then the cord handlers could offset
sub-sequent passes relative to the first pass. If the
area is not marked, or if a guidon cord is not used,
subsequent passes will not be optimal, and may
even tend to be useless as experience has dem-
onstrated probers sometimes gravitate to the
same footprints they used on the earlier passes.
Without a guidon cord to accurately place probes,
there is little or no accumulation of PODs. Even
with the best probing technique, field conditions
will make the computer’s results impossible to re-
produce, especially for multiple passes.

about 0.36 times the
original grid size.
The impor-
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ging, then the 50 cm square

Expected Time To Discovery for Various Probing Techniques

grid keeps the stress factor

3HPS 60 cm. Grid

2 HPS 75x70 cm.

3HPS 50 cm. Grid
J-A grid w/angled
probes, 70 cm. steps

J-A grid w/angled
probes, 60 cm. steps

low, the ETD reasonable,
and finds over 99% of the
victims in 2 passes. Some
older rescue plans recom-
mend a fine probe after two
coarse probes, but after two
passes of the 50 cm square
grid, a fine probe is practi-
cally redundant. Another
reason not to try to do the
60 by 60 cm grid is that for
the smaller rescuer, this
can be quite a stretch.

85 90 95 100 105

Minutes

110

115 120

4. CONCLUSIONS

Figure 3. Expected time to discovery for various probing techniques.

Considering the significant need for multi-
ple passes when the grid spacing is relatively
wide, we would like to take into consideration the
difficulties of trying to offset subsequent passes for
optimal effectiveness, the strain on rescuers when
they have to reprobe an area, and the strain on
the leader who has to decide whether to reprobe
the area or to shift the probeline to a different part
of the avalanche debris. Since these difficulties
are all related to the number of passes required,
we can look at the average passes.

In Table 6, we see a big jump in the de-
pendence on 3 or more passes between the 50
cm square grid and the 60 cm square grid. A
similar jump is seen in the dependence on the
second pass both in going from 30 cm to 40 cm
and in going from 40 cm to 50 cm. But the times

The numbers do not lie but
many interpretations are
possible. One can always
choose which ones to weigh more heavily.

* Probing really does take a long time.

* Three holes per step is better than two.

* Vertical probing gives better PODs than an-
gled probing.

e The articulated body model gives lower PODs
for the 75 by 70 cm grid than earlier models.

* The expected time until discovery may be
lessened with the right choice of grid size, a
guidon cord, and a well-marked search area.

5. RECOMMENDATIONS
We feel it is important to remember what

part probing should play in avalanche rescue as
well as to use efficient and effective probing tech-

% Found on Various Passes nique.
Technique | st | 2nd | 3ormore | TTEPET | AVerBIE | Erp (min) % ;Jgja 2 50g om
30cmsq. | 999% | 0.1% 0% 487 min. 0.50 244 with  three
40 cm sq. 97% 2.8% 0.04% 274 min. 0.53 144 holes per step.
50cmsq. | 88% | 121% | 0.8% 175 min. 0.64 112 % Use a guidon
60cmsq. | 74% | 208% | 4.4% 122 min. 0.83 100 cord to facili-
Trad. 7075 | 60% | 265% | 13.6% | 111 min, 1.15 111 :)ar:)ebe P lace.

Table 6. Comparison of several statistics for several grids (ETDs are the same as in Figure

2, but slightly different from Figure 3 because different bodies were used for the
comparisons with J-A techniques.)

9,
0.0

ment and off-
setting in sub-
sequent pass-
es.

Mark the area

for 30 and 40 cm grids were so large that they are
not practical. If we can just do a good job on the
second pass, with proper guidon cords and flag-

probed with wands or flags so that a second
pass can be offset consistently from the first.



« Whenever a probeline is to be used, try to limit
the area to be probed based on all available
evidence.

% Organized probelines are tremendously re-
source consuming. The rescuers should not
start using probelines until the Immediate
Search has been adequately completed.

% Check out our website on probing. There will
be a link on the CAIC web site,
http://geosurvey.state.co.us/avalanche/papers/
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