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A python toolbox for survival analysis in fractured rock systems
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3rd solution:
Remove censored
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2nd solution:
Ignore censoring
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1st solution:
Mauldon 2001

Complete length1
2
3
4
5
6
7
8
9

10

Length [m]0

Fr
a
ct

u
re

 n
.

P
ls stop!

The problem with Mauldon is that it is a non 
parametric method for estimating the mean 
length.

This is an important detail and limitation if the 
focus is to model the statistical length 
distribution of an outcrop!
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Oh God

4th solution:
Survival Analysis
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Complete measurements 
 =1

We are 
used to 
this

Censored measurements 
 =0

This is
new!!

are the known measurements 

are the unknown parameter(s) =
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is the 
best:)

Maximum Likelihood Estimation

Goodness-of-fit tests!

Can we quantify which statistical models 
(hypothesis) are representative of the data?

I said, QUANTIFY!! 5 6 7 8

Hypothesis 1: Lognormal Hypothesis 2: Exponential Hypothesis 3: Normal

Observed length [m] We have some data and a set of sensible 
hypothesis (statistical models), which one 
describes the data the best? Can we 
quantify and rank from best to worst 
our hypothesis?

Observed length [m]

GoF tests are based on distances between
the empirical distribution of the observations 
and the theoretical distributions. This is a good 
start, but the data are censored!! How can we 
calculate the empirical distribution of 
censored data? Also, can we completely avoid 
empirical distributions?

5 6 7 8

Hypothesis 1: Lognormal

...

Models can be ranked according 
to their distance to the Kaplan-Meier 
distribution and Akaike value! 
The smaller, the better. 

Moreover, we can visualize different 
fits using the Probability Integral 
Transform to also have
a visual comparison. 
(the best fit is the closest 
to the uniform distribution)
Kim (2019)
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Probability Integral Transform
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How should we treat 
censored data? 

How does censoring 
affect estimation? 

Which is the "right" model
describing the data?

Fractures can be censored, especially the long ones! 

Questions and probelms 

Pontrelli Quarry

> Cretaceous platform 
    carbonates

> 1681 NW-SE striking
    fractures

> 170 censored
    fractures (≈ 10.1%)

> Apulian platform, 
    Puglia region (IT)

Concluding remarks
> Ignoring censoring does not help: 
     2nd solution underestimates the mean by -0.52 ± 0.10 cm
     3rd  solution by -0.77± 0.15 cm

> By using survival analysis (4th sol): -0.023 ± 0.10 cm. Moreover, 
    it stays quite stable around the sample mean up to 80% censoring

> Paradigm shift to select and quantify the best model from 
    a list of hypothetical models.

Survival analysis estimation performance
1000 data points drawn from a lognormal (4.95, 6.53), 10 iterations
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Lognorm estimated parameters using survivalLognorm estimated parameters removing censored measuresLognorm estimated parameters ignoring censoring 

Distance to uniform comparison 

KS distance KG distance AD distance

AIC AIC weights

7514.61

7655.82

9246.92
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0

AIC AIC weights
Survival 
analysis 7514.61
Ignore

censoring 8018.60
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0

Remove

censored
 7054.78

We cannot compare 
different datasets!
 
If we remove censored 
fractures we are fitting 
a completely different 
model to different data!
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