www.ranjan.net.np

Probability, Continuous Random
V i bl
Variables,
Statistics
St ti ti and
d
descriptive statistics, Joint
Variation of Two Variables
Ranjan Kumar Dahal, PhD, PostDoc, M.ASCE
Associate Professor,
Geodisaster Research Center, Central
Department of Geology, Tribhuvan
University, Kirtipur, Kathmandu, Nepal

2nd Lecture

www.ranjan.net.np

Course Contents – first part





Statistics in Geology, Measurement Systems, Elementary Statistics
Probability, Continuous Random Variables, Statistics and descriptive
statistics Joint Variation of Two Variables
statistics,
Variables, Induced Correlations
Correlations,
Log ratio Transformation, Comparing Normal Populations, Central
Limits Theorem , Testing the Mean P-Values, Significance, Confidence
Limits, the t-Distribution, degrees of freedom, confidence intervals
based on t, A test of the equality of two sample means, the t-test of
correlation, The F-Distribution, F-test of equality of variances, Analysis
of variance, Fixed, random, and mixed effects, Two-way analysis of
variance, Nested design in analysis of variance, The Chi square
Distribution, Goodness-of-fit test ,
The Logarithmic and Other Transformations, Nonparametric Methods,
Mann-Whitney test
test, Kruskai-Wallis test
test, Nonparametric correlation
correlation,
Kolmogorov-Smirnov tests, Exercises.
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Bayes’ theorem




Bayes’ theorem, named for Thomas Bayes,
an eighteenth
i ht
th century
t
E li h clergyman
English
l
who investigated the manner in which
probabilities change as more information
becomes available. Bayes’ basic equation is:
p(A,B) = p(B|A).p(A)
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p(A,B) = p(B|A).p(A)




which states that p(A,B), the joint probability that
both events A and B occur,
occur is equal to the
probability that B will occur given that A has already
occurred, times the probability that A will occur.
p(BIA) is a conditional probability because it
expresses the probability that B will occur
conditional upon the circumstance that A has
already occurred
occurred. If events A and B are related (or
dependent), the fact that A has already transpired
tells us something about the likelihood that B will
then occur. Conversely, it is also true that
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Finally
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If there is an all-inclusive number of events
Bi that are conditionally related to event A,
the probability that event A will occur is
simply the sum of the conditional
probabilities p(A|Bi) times the probabilities
that the events Bi occur. That is,

substituted
subs
u ed for
o p(
p(A)) in Bayes’
yes theorem,
eo e , thee more
o e general
ge e
equation will be
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Probability Revision using Bayes’
Theorem

Prior
Probabilities

New
Information

Application of
Bayes’
Theorem

Posterior
Probabilities

Application of Bayes’ Theorem
•Consider a manufacturing firm that receives
shipment of parts from two suppliers.
•Let A1 denote the event that a part is received
from supplier 1; A2 is the event the part is received
from supplier 2

4

We get 65 percent of our parts
from supplier 1 and 35 percent
from supplier 2.

Thus:
P(A1) = .65 and P(A2) = .35

Quality levels differ between suppliers
Percentage
Good Parts

Percentage
Bad Parts

Supplier 1

98

2

Supplier 2

95

5

Let G denote that a part is good and B denote the
event that a part is bad. Thus we have the following
conditional probabilities:
P(G | A1 ) = .98 and P(B | A2 ) = .02
P(G | A2 ) = .95 and P(B | A2 ) = .05
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Tree Diagram for Two-Supplier Example
Step 2
Condition

Step 1
Supplier

Experimental
Outcome
(A1, G)

G
A1

B
(A1, B)

A2

(A2, G)

G
B

(A2, B)

Each of the experimental
outcomes is the intersection of 2
events.
t For
F example,
l the
th
probability of selecting a part
from supplier 1 that is good is
given by:

P( A1 , G )  P( A1  G )  P ( A1 ) P(G | A1 )
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Probability Tree for Two-Supplier
Example
Step 2
Step 1
Supplier

Probability of
Outcome

Condition

P(G |
A1) .98
P(A1)
.65

P(B | A2)
.02

P(A2)

P(B | A2)
.95
95
P(B | A2)

.35

.05

P ( A1  G )  P( A1 ) P(G | A1 )  .6370

P( A1  B)  P( A1 ) P( B | A1 )  .0130
P( A2  G )  P( A2 ) P (G | A2 )  .3325

P( A2  B)  P ( A2 ) P(G | A2 )  .0175

A bad part broke one of
our machines—so we’re
through for the day.
What is the probability
the part came from
suppler 1?

We know from the law of conditional probability that:

P( A1 | B) 

P( A1  B)
P( B)

(4.14)

Observe from the probability tree that:

P ( A1  B )  P ( A1 ) P ( B | A1 )

(4.15)
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The probability of selecting a bad
part is found by adding together
the probability of selecting a bad
part from supplier 1 and the
probability of selecting bad part
from supplier 2.

That is:

P ( B )  P ( A1  B)  P( A2  B)
 P( A1 ) P( B | A1 )  P( A2 ) P( B / A2 )

(4 16)
(4.16)

Bayes’ Theorem for 2 events
By substituting equations (4.15) and (4.16) into (4.14),
and writing a similar result for P(B | A2), we obtain
Bayes’ theorem for the 2 event case:

P ( A1 | B ) 

P( A1 ) P ( B | A1 )
P ( A1 ) P( B | A1 )  P ( A2 ) P( B | A2 )

P( A2 | B) 

P( A2 ) P( B | A2 )
P( A1 ) P( B | A1 )  P( A2 ) P( B | A2 )
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Do the Math
P ( A1 | B) 


(.65)(.02)
.0130

 .4262
(.65)(.02)  (.35)(.05) .0305

P( A2 | B) 


P( A1 ) P( B | A1 )
P( A1 ) P( B | A1 )  P ( A2 ) P( B | A2 )

P( A2 ) P( B | A2 )
P( A1 ) P( B | A1 )  P( A2 ) P( B | A2 )

(.35)(.05)
.0175

 .5738
(.65)(.02)  (.35)(.05) .0305

Bayes’ Theorem
P( Ai | B) 

P ( Ai ) P ( B | Ai )
P ( A1 ) P ( B | A1 )  P ( A2 ) P ( B | A2 )  ...  P ( An ) P ( B | An )
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Tabular Approach to Bayes’ Theorem—
2-Supplier Problem
(1)
Events
Ai

(2)
Prior
Probabilities
P(Ai)

(3)
Conditional
Probabilities
P(B | A1 )

(4)
Joint
Probabilities
P(Ai ∩ B)

(5)
Posterior
Probabilities
P(Ai | B)

A1

.65

.02

.0130

.0130/.0305
=.4262

A2

.35

.05

.0175
P(B)=.0305

1.00

.0175/.0305
=.5738
5738
1.0000
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Example
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Landslide occurrence in an area
Area of study, A
P
Presence
off causative
ti
factor, F

Absence of causative factor,
factor F
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Venn diagram summarizing the spatial overlap
relationships between the causative factor and the
landslides.
Area in pixel
N{A}= 1000 (total area of study)
N{F}= 340 (area of causative factor)
N{L}= 110 (area of landslide)
N{ F  L }= 70 (area of landslide
on causative factor)

A

F L
L

F L

F

F L
FL

F L

F L
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Read paper
Predictive
modeling of
rainfall induced
rainfall-induced
landslide hazard
in the Lesser
Himalaya of Nepal
based on weightsof-evidence
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Answer the following:








What are prior odd and posterior odds?
What is conditional or p
posterior probability
p
y
of the landslide and how it can be
expressed?
What is Logits? Why authors used it.
Why the odds of presence of landslide can
be expressed
p
as O L  1 PPLL and O L  PPLL ?
Why authors used logarithm of likelihood
ratios?
What do you mean by weights-of-evidence?
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Continuous Random Variables








In most experimental work, however, the possible outcomes
are not discrete. Rather, there is an infinite continuum of
possible results that might be obtained.
The range of possible outcomes may be finite and in fact quite
limited, but within the range the exact result that may appear
cannot be predicted. Such events are called continuous
random variables.
Suppose, we measure the length of the hinge line on a
brachiopod and find it to be 6 mm long. By using a binocular
microscope, a length of 6.2 mm, by using an optical
comparator 6.23 mm, and with a scanning electron
microscope, 6.231 mm.
We can always find a difference between two measurements, if we conduct the
measurements at a fine enough scale. The corollary of this statement is that
every outcome on a continuous scale of measurement is unique, and that the
probability of obtaining a specific, exact result must be zero!
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Continuous Random Variables






Permeability tests on core samples - always
varied
Unit weight of same type of soil in an are of
25 m2 when measure in a grid of 1 m always varied
Cohesion of soil - always varied
Variation induced into measurements by inaccuracy
of instrumentation is most apparent when repeated
measurements are made on a single object or a test
is repeated without change. This variation is called
experimental error.
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Normal distribution




Repeated measurements on
large samples drawn from
natural populations may
produce a characteristic
p
frequency distribution. Most
values are clustered around
some central value, and the
frequency of occurrence
declines away from this
central point.
A graph of the distribution
appears bell-shaped, and is
called a normal distribution. It
often is assumed that random
variables are normally
distributed, and many
statistical tests are based on
this supposition.
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Do some statistical
analysis
11.
2.
3.
4.
5.

Calculate
C
l l t percentile
til area pixel.
i l
Plot %cumulative frequency curve
Plot histogram of 10% interval.
Prepare Box-and-whisker plot.
Find mean, mode, standard
deviation, coefficient of variation of
hazard index in the study area (1
pixel = 20 m2)

6.

If we assume that the distribution of hazard
index is normal, what will be the % ranges
of hazard index value which will cover twothirds of the hazard index.
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Joint Variation of Two Variables




The variance of a single property can be
extended to calculation of a measure of the
mutual variability of a pair of properties.
This measure called the covariance, is the
joint variation of two variables about their
common mean.

Joint probability distribution of
two independent normal
distributions. Both
x1 and x2 are normally distributed.
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Scatter plot with
diff
difference
covariance
i
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Calculate Covariance

1. Compute covariance between Cr and Ni, Ni and V, and
Cr and V
2. Prepare two scatter diagrams of two variables with
high covariance and low variance.
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Next class
•

•




Induced Correlations, Log ratio Transformation, Comparing
Normal Populations, Central Limits Theorem

Home work:
 Differentiate “population”
population and “sample,”
sample,
with few geological data as examples?
 Read paper of Ranjan and team
 Do statistical analysis.
 Calculate covariance and make scatter plot.
Homework Submission date Next week
Friday (April 1st).
)
Lecture notes in http://www.ranjan.net.np
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