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Introduction: In crater statistics, it is conventional
to place Poisson error  bars (i.e.  square-root of  N) on
crater counts. However, this error is only appropriate
for crater production, not subjectively judged annota-
tions.  In  practice,  Experts  and  non-experts  can  vary
significantly  in  their  personal  assessments  of  crater
numbers  making  actual  errors  much larger  [1].  This
implies that  counts suffer from false positives (where
non-craters  are  counted)  and  false  negatives  (where
real craters are missed). A method for correcting false
positives  has  been  proposed  [2],  but  false  negatives
still must be addressed. This abstract describes the po-
tential and limitations of a capture-recapture approach
to correcting for missing craters.

Capture-recapture  [3]  is  a  technique  familiar  to
ecologists for estimating animal  populations.  A num-
ber of animals are captured within a time period, then
are tagged and released. This process is repeated a sec-
ond time,  where  some new animals  are  caught  and
some previously tagged animals  are  recaptured.  The
total  population,  N,  is then  estimated by assuming a
Binomial distribution of recapture events given a cer-
tain  capture  probability.  We propose  that  the  same
method can be applied to approximately correct crater
counts  for  false  negative  missing  data,  by repeating
counts twice and comparing the frequencies of single
and double counted craters. We test this approach us-
ing a combination of repeated crater annotations from
undergraduate Earth sciences students and also an ex-
pert crater counter.

Methodology: Assuming that  all  craters  have an
equal  probability of being annotated during  any ses-
sion,  P, (and therefore  1.0-P probability of not being
annotated) then the number of craters annotated once
and twice, respectively are

and the number of false negative missing annota-
tions expected is given by

This knowledge can be combined to give an esti-
mate of N:

and also an estimate of the detection efficiency:

where  F1 is  the  number  of single  crater  annotations
and F2 is the number of craters annotated twice.

Undergraduates  and  an  expert  annotated  craters
around the Apollo 17 site over two sessions at least 24
hours apart. They were asked to annotate until they be-
lieved all craters had been identified. Craters were an-
notated down to 10 pixel diameters for the following
NAC image strips using a custom macro written for
the ImageJ open source package. The NAC i.d.s and
rows in pixels covered:

1. M104311715LE, rows 400 to 800
2. M104311715LE, rows 6,000 to 6,400
3. M104311715LE, rows 15,200 to 15,600
4. M104311715LE, rows 32,000 to 32,400
5. M104311715LE, rows 49,500 to 49,900
6. M104311715RE, rows 400 to 800
7. M104311715RE, rows 6,000 to 6,400
8. M104311715RE, rows 15,200 to 15,600

N and P were estimated using the frequencies of dou-
ble and single annotations in these regions.

Result: We found that  identification  probabilities
during a single counting session ranged from 0.70 to
0.85 for both undergraduates and expert (Fig 1), with
no  clear  differences  in  efficiency  between  the  two.
However, undergraduates tended to identify more fea-
tures than  the expert,  suggesting  that  they were less
discerning with regards to ambiguous non-craters, i.e.
they introduced false positives. After two attempts, the
combination of F1 and F2 is 95% or more of N (Fig 2
& 3). 

Fig  1.  Estimates  of crater counting efficiency during a
single session for expert (P Expert) and undergraduates
(P U.G.) for the test image regions noted.

Discussion: The  data  we acquired  suggests  that
crater  counters  would  benefit  from  repeating  their
counts  a  second time before combining  results.  This
significantly increases  the  counting  efficiency.  How-
ever, the discrepancies between expert and undergrad-
uate total counts shows that, strictly, an estimate of N

1424.pdfLunar and Planetary Science XLVIII (2017)



is not an estimate of true craters, but an estimate of all
things crater-like that may be mistakenly counted.

Fig 2. Expert estimated crater counts showing number of
single and double annotations. The yellow line above the
combined counts give the estimate of N using capture-re-
capture equation.

Fig 3. Undergraduates estimated crater counts showing
number of single and double annotations. The yellow line
above the combined counts give the estimate of  N using
capture-recapture equation.

In terms of a Venn diagram (Fig 4.) N will be com-
posed from: a number of genuine craters that are dis-
tinctly and unambiguously identified, NT; a number of
genuine craters that are difficult to identify and there-
fore are ambiguous, NA; and a number of false positive
craters NF. The false positives can be mitigated against
using [2]. A more difficult problem to overcome is as-
signing appropriate efficiency probabilities to the dif-
ferent  classes  of  crater,  as  the  capture-recapture
method assumes a fixed efficiency for all craters.

Fig 4. Composition of N in terms of true, T, false, F and
ambiguous, A, craters.
If there are two classes of crater, a and b, with differ-
ent detection efficiency levels, Pa and Pb, this gives re-
peated counts different  to those assuming a common
efficiency, P:

It  can  be shown that  assuming a fixed efficiency
for all types of crater leads to N being a lower-bound
for  counts  [3].  To  make  the  method  more  robust,
craters should be divided into different classes, based
upon appearance and difficulty of identification, such
that  corrections  can  be  computed  independently  on
each class.

Conclusion: A capture-recapture approach can im-
prove crater  counts  with  regards  the  missing  crater
identifications, but potentially increase the number of
false positives which need to be addressed using other
methods. A lower bound on N can be achieved, assum-
ing equal probabilities of identification for all craters,
but dividing craters into different types should be ben-
eficial.

Fig 5. Example section from NAC M104311715RE used
in this study.
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