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• Due to the pandemic the organizational form of this lecture is not fixed right now!

• Start is Thursday, 2 March  2022 online via zoom (see moodle)

• Classroom lectures may be possible from 21 March 2022 on

• Further information will be given in the lecture. Times are volatile nowadays!

• During the pandemic, I always had ideas, who to deal with the uncertain situation, but always I 
hade to bow force majeure. Therefore I do not make any annoucements in advance.

• But I can assure you, that we will find a good teaching concept!

• Kind regards Bernhard Köster



Prof. Dr. Bernhard Köster

Room: S 113

Street: Friedrich-Paffrath-Straße 101

location: 26389 Wilhelmshaven

Tel. +49 4421 985-2766

Email: bernhard.koester@jade-hs.de

Consultation hour: by arrangement
or just have a look into my office!
or Webex/Zoom …



Literature

• Statistics for Business and Economics, Anderson, Sweeney, Williams, Camm, Cochran

• Mathematical Statistics for Economics and Business, Mittelhammer

• Statistics for Business and Economics, Global Edition, Newbold, Thorne, Carlson

• A Guide to Modern Econometrics, Verbeek

Some open resources

OpenIntro Statistics

Statistical Thinking for the 21st Century

MIT OPENCOURSEWARE

-> there is much more!!!

https://www.openintro.org/book/os/
https://statsthinking21.github.io/statsthinking21-core-site/
https://ocw.mit.edu/courses/find-by-topic/#cat=mathematics&subcat=probabilityandstatistics




Introduction and Revision

• Means and Median

• Dispersion: MAD, Variance, Standard Deviation, Coefficiant of Variation

• Contingency table and independence

• Bayes` Theorem

• Random Variable

• Probability Distributions, density function and cumulative distribution function

• Central limit theorem



Example

1) Generate in Excel a sample of the length of 15 male students around 175cm and a maximum 
deviation of 25cm.

2) Calculate the arithmetic, geometric, harmonic mean and the median of the distribution.

3) Calculate the MAD, variance, standard deviation, and the coefficient of variation of the
distribution.

4) Generate in Excel a sample of the length of 11 female students around 165cm and a maximum 
deviation of 20cm.

5) Calculate the contingency table of the attributes gender and lenght
((0-155),[155,170),[170,185),[185,200] and the marignal distributions

1) Are the attributes gender and length statistically independent?
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Conditional probability
The conditional probability of an event A is the probablity of the occurence
the event A given event B has happened (or happens simultaneously with A)

→ conditional probability of A given: P(A│B).

Definition:

Bayes Theorem:
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Goats and Cars
Suppose in a game show you are sitting infront of 3 doors. You know behind
on door you`ll win a car and behind the two other doors you get only a goat

Round 1: You choose a door

After that, the showmaster, knowing the door with the car, opens a door with
a goat

Round 2: You`re asked if you want to change doors

What is your decision?

If you don`t believe it, try to simulate this in Excel!
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Random Variable

Definition:
A Random Variable  X is the mapping of the sample space Ω into the real 
numbers R. That means every elementary event Ai maps onto a real number
xi and the probability pi = P(Ai) = P(X=xi) = p(xi) is known.

→ pi ist the probality that random variable X equals the outcome xi.



Random Variable – Explainations
• Every possible event of a random experiment can be expressed via a 

random variable.

• Random variables are expressed in capital letters.
Example: dice with sample space X is element of {1,2,3,4,5,6}

• The realization of a random variable is expressed in lowercase
letters:
Example rolling dice: X realizes the value x = 5

• Probality in the example of rolling dice:
P(x < 5) = ?? 



Discrete and continous random variables (RV)

Discrete RV:

RV, which have only a finite or countably infinite realizations.

Continous RV:

RV which can realize within an intervall every possible real number. 



Continous

Probability density function:

Cumulative distribution function:

Expectated value :

Variance:

Discret

Probability mass function:

Cumulative distribution function:

Expectated value:

Variance:
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Calculating with the Expectated Value and the Variance
Constant:

Constant factor:

Linear Transformation:

aaE =)(
0)( =aVar
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Probability Axioms

Axiom 1: 𝑷𝑷 𝑨𝑨 ≥ 𝟎𝟎 for all 𝑨𝑨 ∈ 𝛀𝛀
Every event has a non negative probability

Axiom 2: 𝑷𝑷 𝛀𝛀 = 𝟏𝟏
The certain event has probability 1

Axiom 3: 𝑷𝑷 𝑨𝑨 ∪ 𝑩𝑩 = 𝑷𝑷 𝑨𝑨 + 𝑷𝑷 𝑩𝑩 , if 𝑨𝑨 ∩ 𝑩𝑩 = ⌀
Addition rule for disjoint events



Rules

Rule 1: 𝑷𝑷 𝑨𝑨 ∪ 𝑩𝑩 = 𝑷𝑷 𝑨𝑨 + 𝑷𝑷 𝑩𝑩 − 𝑷𝑷(𝑨𝑨 ∩ 𝑩𝑩)
Addtion rule for any events

Rule 2: 𝐏𝐏 𝐀𝐀\𝑩𝑩 = 𝑷𝑷 𝑩𝑩 − 𝑷𝑷(𝑨𝑨 ∩ 𝑩𝑩)
A without B

Rule 3: 𝐏𝐏 �𝑨𝑨 = 𝟏𝟏 − 𝑷𝑷 𝑨𝑨

Probality of complementary events



Conditional probability
The conditional probability of an event A is the probablity of the occurence
the event A given event B has happened (or happens simultaneously with A)

→ conditional probability of A given B: P(A│B).

Definition:

Bayes Theorem:
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Example

Suppose the following probabilities are known:

P(A) = 0,5; P(B) = 0,3; P(A∩B) = 0,2

Calculate

a) P(A ∪ B) b) P(A|B)  c) )( BAP ∩   d) P(A\B) 
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Statistically independent events

P(A|B) = P(A) or P(B|A) = P(B)

→

)()()( BPAPBAP ⋅=∩
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Statistically independent events: Example

Sylvester 1988 in Casino in Konstanz at the roulette table, the event
A = {0,3}occured 9 times in a row. Calculate the probability of this
event

Suppose in class two students have birthday at the same day. What is
the the minimum number of students in class, that the probability for
this event is 50%?
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Total Probability

If the sample space Ω consists of in k disjoint elemtary events Ai, then the
probability of event B is:

→ ∑
=

⋅=
k

i
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1
)()|()(



28

Total Probability: Example

Every day a small village is visited by a postman. If he is in good mood he is
in time with probability 90%. If he is in bad mood he is late with probability
40%. 

What is the probability that he is late at any day, if he is on average in good
at 7 out of 10 days?
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Total Probability and Bayes Theorem
Suppose you are testing for a rare illness and you have the following probabilities:

A = {patient is ill}
B = {test is positive}
Since we have a rare illness: P(A) = 0,1%.

Since a test does not have 100% accurancy, from surveys we have:
P(B|A) = 0,98
𝑃𝑃(𝐵𝐵|𝐴̅𝐴) = 0,03

Suppose your test result is positive. What is the probability, that you are really ill?
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Binomial distribution

• A random experiment has two possible outcomes (success and failure).

• The random experiment will be repeated n times.

• What is the probability to be k times successful within n ≥ k repetions

• Every repetition is independent from each other. Within every repetition
succes has probability p und failure probability 1-p.

c
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Binomial Distribution 
Suppose p of „success“ is known, define the random variable X =„number of succes k“ 
within n ≥ k repetitions. 

→ X is Binomial distributed with

𝐏𝐏 𝑿𝑿 = 𝒌𝒌 = 𝒏𝒏
𝒌𝒌 𝒑𝒑𝒌𝒌(𝟏𝟏 − 𝒑𝒑)𝒏𝒏−𝒌𝒌

);(~ pnBX

npXE =)(

)1()( pnpXVar −=

c
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Examples Binomial Distribution
1. Probability within 10 throws of a dice to obtain 3 times a 6?

2. Probability to move the first time in the game „Mensch ärgere Dich nicht“ 
(Hombre, no te enfades)?

3. You play four different statistically independent Lotteries. The probability of
success is always 20 %.

a) What is the expectated value and the variance and standard deviation?
b) What is the expected payoff, if every successs counts 10 Euros?
c) Calculate the probability to win exactly two times
d) Calculate the probability that you loose at least three times. 

c

𝐏𝐏 𝑿𝑿 = 𝒌𝒌 = 𝒏𝒏
𝒌𝒌 𝒑𝒑𝒌𝒌(𝟏𝟏 − 𝒑𝒑)𝒏𝒏−𝒌𝒌
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Continous Random Variables

The probability of the realization of X within some specific interval
[a,b] is the area below the density function f(x):

∫=≤≤
b
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c
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Properties of the density function

• Values of f(x) cannot be interpreted!

• If the length of the intervall reaches zero (a = b), also the area
reaches zero:

→ P(X = x) = 0

• The whole area below the density function equals 1 (certain event):

∫
+∞

∞−

=1)( dxxf

c
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Example Density Function
Student Mike is always late in the statistics lecture. His delay is a 
continous random variable with the following density function

𝑓𝑓 𝑥𝑥 = �𝑎𝑎 −
1
8
𝑥𝑥 for 0 ≤ 𝑥𝑥 ≤ 4

0 otherwise

1. What is a?
2. Sketch the density graphically
3. Calculate the probability that Mike is between 1 und 2 minutes

late at some specific day.
4. Sketch the cumulative distribution function graphically
5. Calculate the Expected value and Variance

c
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Example Density Functiona [1,2] density, cumulative distribution, E(x), Var(x)
solve( int(a-(1/8)x dx; 0..4)=1,a)

plot(1/2-x/8,0..4)

int(1/2-x/8),0..y

plot(-1/16 (-8 + y) y,0..4)

int(x(1/2-x/8)),0..4

int((x-4/3)^2(1/2-x/8)),0..4

𝑓𝑓 𝑥𝑥 = �𝑎𝑎 −
1
8
𝑥𝑥 for 0 ≤ 𝑥𝑥 ≤ 4

0 otherwise

c

https://www.wolframalpha.com/
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Uniform distribution
The density is constant over a given Interval [a,b]. This means, that
every subinterval with same length have same probability

2
)( baXE +

=

2)(
12
1)( abXVar −=

𝑓𝑓 𝑥𝑥 = �
1

𝑏𝑏 − 𝑎𝑎 𝑥𝑥 𝑎𝑎 ≤ 𝑥𝑥 ≤ 𝑏𝑏

0 otherwise

c
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Uniform distribution

a b

f(x)

1/(b-a)

a b

F(x)

1

c
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ExampleSuppose you are the COP (Chief of Production) within a brewery.
Furthermore the maschine shows a filling quanatity of the bottles is
0,568L. But you suppose, that real filling quantity is uniformly
distributed around 0,556L and 0,58L.

What is the probability that the filling quantity is less than 0,56L?

c
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Normal Distribution
The normal distribution or gaussian distribution is the most important
distribution.

We write:

The density function is given by:

The cumulative distribution function by:

⋅

);(~ 2σµNX

µ=)(XE 2)( σ=XVar
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(Error function)

c
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The importance of the normal distribution

• Many empirical distributions follow at least approximately the normal 
distribution

• Many discrete distribtions can be approximated by the normal 
distribution. I.e. Binomial distribution

• The distribution of the sample indepent with respect to the underlying true
distritibution is approximated by the normal distribution for large sample 
size N (central limit theorem)

• The normal distribution is the basis theoretical models
(i.e. white noise) c
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Normal distribution
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c
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Properties of the normal distribution
• The normal distribution is a 2-parameter-distribution in µ and σ

• N(µ, σ2)  is symmetrically around x = µ

• The density function has turning points at  x = µ + σ and x = µ – σ

• The density function flattens if the variance goes up.

• The density function reaches the x-axes
asymptotically at +∞ and −∞.

c
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The standard normal distribution
• Normal distribution with µ=0 σ =1

• Maximum at z = 0

• Turning points at z = -1 and z = 1

• In order to calculate probabilities the cumulative distribution
function is tabulated and implemented in every standard
spreadsheet programm like excel (MS office) or calc (libreoffice)

• Every normally distributed random variable can be transformed
in a standard normally distributed random variable 
(Standardisierung)

)1;0(~ NZ

𝜙𝜙 𝑧𝑧 =
1
2𝜋𝜋

�
0

𝑧𝑧

𝑒𝑒−
1
2𝑥𝑥

2
𝑑𝑑𝑥𝑥 ⋅

c



46

Normal distribution and standard normal distribution
• Suppose then

• We have

• Generally, we obtain:

or

);(~ 2σµNX

)1;0(~ NxZ
σ

µ−
=

)(1)( cc Φ−=−Φ

)()(),( 2
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c
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Normal distribution and standard normal distribution
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Relevant Values of the standard normal distribution
z F(z)

-2.58 0.5 %

-2.33 1 %

-1.96 2.5 %

-1.64 5 % 

-1.23 10 %

c
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Normal distribution and standard normal distribution
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• We have
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Relevant Values of the standard normal distribution
z F(z)

-2.58 0.5 %

-2.33 1 %

-1.96 2.5 %

-1.64 5 % 

-1.23 10 %

c
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Relevant Values of the standard normal distribution
z F(z)

-2.58 0.5 %

-2.33 1 %

-1.96 2.5 %

-1.64 5 % 

-1.23 10 %
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p-emp no h h
no 28% 33% 61%
l 8% 31% 39%

36% 64% 100%

p-theo no h h
no 22% 39% 61%
l 14% 25% 39%

36% 64% 100%
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Graphical representation of the attributes of two variables within a 
two-dimensional coordinate-system.

Scatterplot

Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Order 2 4 3 6 2 1 5 3 4 2 2 7 4 3 2 1 5 4 3 3 1 6
Volume [€] 36 44 30 67 21 8 62 35 33 37 22 72 65 45 23 17 44 56 32 37 22 48
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X-coordinate: order
Y-coordinate: Volume [Euro]

Scatterplot
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Example 2:

A company wants to know how the sales volume depends on visits of
representatives.

The company has collected the following data

Linear Regression

Visits Sales volume [€]
year x y

2008 9 24
2009 11 33
2010 5 10
2011 13 29
2012 20 42
2013 12 24

We also want to answer the question, from a descriptive point of view, which sales volume
we can expect, if we increase the visits up to x=30


Ex1



				Number		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				Order		2		4		3		6		2		1		5		3		4		2		2		7		4		3		2		1		5		4		3		3		1		6

				Volume [€]		36		44		30		67		21		8		62		35		33		37		22		72		65		45		23		17		44		56		32		37		22		48





Ex2

				Visits		Sales volume [€]

		year		x		y		xy		x^2		yhat		(yhat-ybar)^2		(y-ybar)^2								epsilon

		2008		9		24		216		81		21.72		27.83		9								2.28

		2009		11		33		363		121		25.68		1.74		36								7.32

		2010		5		10		50		25		13.81		173.95		289								-3.81

		2011		13		29		377		169		29.64		6.96		4								-0.64

		2012		20		42		840		400		43.49		271.80		225								-1.49

		2013		12		24		288		144		27.66		0.43		9								-3.66

		sum		70		162		2134		940				482.7243243243		572

		N		Mean		Mean

		6		11.67		27

		b		1.98		1.98

		a		3.92		3.92

		expected sales 10 visits		23.7027027027

		R		0.92

				0.92		0.92

		R^2		0.84		0.84



Sales volume [€]	9	11	5	13	20	12	24	33	10	29	42	24	
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• Via a linear regression we want to analyse the dependence between
two variables

• We distinguish between a dependent variable (y) and an 
independent variable (x)

• (x) is also called the explanatory variable

• A change of (x) implicates a change (y)

• The linear regression defines an empirical relation via a linear 
function

• i.e. y = f(x) = 3 + 2x or generally y = a + bx

Linear Regression
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Simple Examples

Determine graphically a regression line for the blue and red data points. What kind of
dependence do we have?

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

0 1 2 3 4 5 6 7 8 9 10 11 12
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Example

Try to fit graphically (by eye) a regression line through the data points
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How to calculate a regression line �𝑦𝑦𝑖𝑖 = a + bxi?

The coefficients a and b has be calculated from the collected data.

�𝑦𝑦𝑖𝑖 Value on the regression line
𝑦𝑦𝑖𝑖 collected data point
ε𝑖𝑖 = 𝑦𝑦𝑖𝑖 - �𝑦𝑦𝑖𝑖 Difference between the data point and the theoretical

value on the regression line

Determine a and b such, that the sum of all quadratic differences ε𝑖𝑖2 is
minimized

Optimizing problem
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The formal optimizing problem

Least squared method
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The formal optimizing problem

Least squared method
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The formal optimizing problem

Least squared method
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The formal optimizing problem

FOC:

2 dimensional linear system which can directly be solved

Least squared method
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Least squared method
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:

Formulas
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Calulating the regression line from empirical data

𝑒𝑒𝑖𝑖2

�𝑦𝑦𝑖𝑖 = a + bxi
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Lineare Regression

b=

a=

Visits Sales volume [€]

year x y xy x^2

2008 9 24

2009 11 33

2010 5 10

2011 13 29

2012 20 42

2013 12 24
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yhat(30)=

Extrapolation for x=30
Visits Sales volume [€]

year x y xy x^2 yhat

2008 9 24

2009 11 33

2010 5 10

2011 13 29

2012 20 42

2013 12 24
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• Regressions coefficient b

• Slope of the regression line. 
• Determines the marginal effect of a change of one unit of the

independent variable x onto the dependet variable y

• Regressions coefficient a

• The value of the dependent variable if the independent variable 
x=0

→ intercept of the vertical axes

Regressions coefficients
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• Measures the linear dependence between two variables

• This dependence can be interpreted, that one variable is
quantitatively influencing another variable

• The linear regression is an instrument for forecasting

Linear regression
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• In principle for all data sets, we can calculate a regression
line. 

• But we are also interested in the question meaningful is
this calculated dependence?.

• For this, we use the correlation analysis, wich gives the
possibility to measure the strength of the dependence

• For this, we use the correlation coefficient of Bravais-
Pearson which is lying between -1 and +1

Correlation analysis
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• The covariance is a measure of the joint variability of two random variables 
(X,Y), defined by:

cov 𝑋𝑋,𝑌𝑌 = 𝐸𝐸 𝑋𝑋 − 𝐸𝐸 𝑋𝑋 𝑌𝑌 − 𝐸𝐸 𝑌𝑌

with the unbiased estimator

�𝜎𝜎𝑥𝑥𝑥𝑥 =
1

𝑛𝑛 − 1
�
𝑖𝑖=1

𝑛𝑛

𝑥𝑥𝚥̇𝚥 − 𝑥̅𝑥 𝑦𝑦𝑖𝑖 − �𝑦𝑦

• If the greater values of X correspond with the greater values of Y the covariance 
is positive. In the opposite case, when the greater values of X correspond to the 
lesser values Y, the covariance is negative. The sign of the covariance shows the 
tendency in the linear relationship between the variables. 

• The magnitude of the covariance can hardly be interpreted, since it is not 
normalized.

• Therefore, we use the normalized version, called correlation coefficient, 
showing the strength of the linear relation.

Covariance
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General intervals for R
(0,0;0,2) → almost no dependence
[0,2;0,4) → low dependence
[0,4;0,6) → medium dependence
[0,6;0,8) → high dependence
[0,8;1,0) → almost full dependence

Correlation coefficient
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Correlation coefficiant examples
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• The squared correlation coefficiant R2 is called coefficiant of
determination.

• In quantitative analysis, we often use the coefficiant of determination R2, 
because it can be intuitively interpreted

• But R2 does not distinguish between + and – anymore.

• R2 is in the interval [0,1]

• R2 grafical interpretation:
• R2 equals the proportion of variance explained by the model in 

relation to the total variance, i.e. how much percent is explained by
the regression line

• (1-R2) equals the proportion of Variance not explained by the model
in relation to the total variance, and has to be explained by other
influencing factors

Coefficiant of determination R2
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0

5

10

15

20

25

0 1 2 3 4 5 6 7 8

0

5

10

15

20

25

0 1 2 3 4 5 6 7 8

} Explained difference

} Non explained difference

Mean

Mean 

Total 
Difference {

Non explained
squared difference yi

Total squared difference of yi

explained squared
difference yi

𝑦𝑦𝑖𝑖 − �𝑦𝑦𝑖𝑖 not explained difference

𝑦𝑦𝑖𝑖 − �𝑦𝑦 total difference

�𝑦𝑦𝑖𝑖 − �𝑦𝑦 explained difference

→�
𝑖𝑖=1

𝑛𝑛

(𝑦𝑦𝑖𝑖−�𝑦𝑦)2 = �
𝑖𝑖=1

𝑛𝑛

(𝑦𝑦𝑖𝑖−�𝑦𝑦𝑖𝑖)2 + �
𝑖𝑖=1

𝑛𝑛

( �𝑦𝑦𝑖𝑖−�𝑦𝑦)2

Coefficiant of determination 𝑅𝑅2 =
�𝑖𝑖=1

𝑛𝑛 ( �𝑦𝑦𝑖𝑖− �𝑦𝑦)2

�𝑖𝑖=1
𝑛𝑛 (𝑦𝑦𝑖𝑖− �𝑦𝑦𝑖𝑖)2

explained squared difference

not explained squared difference
total squared difference
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Correlation Coefficiant R2C

N x y �𝑦𝑦 ( �𝑦𝑦-�𝑦𝑦)2 (y-�𝑦𝑦)2

1 9 24

2 11 33

3 5 10

4 13 29

5 20 42

6 12 24

Gesamt

R2= R=
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Correlation Coefficiant R

R2= R=

Visits Sales volume [€] explained total
year x y xy x^2 yhat (yhat-ybar)^2 (y-ybar)^2

2008 9 24 216 81 21,72 27,83 9,00
2009 11 33 363 121 25,68 1,74 36,00
2010 5 10 50 25 13,81 173,95 289,00
2011 13 29 377 169 29,64 6,96 4,00
2012 20 42 840 400 43,49 271,80 225,00
2013 12 24 288 144 27,66 0,43 9,00

sum 70 162 2134 940 482,72 572,00
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• R2 measures the strengh of the dependence between two variables 
X and Y.

• R2 can be interpreted as the proportion expained by the linear 
regression.

• R2 = 0, the linear regression model is given just by the constant a 
und b=0
→ The change of the independent variable X has no influence on 
the dependent variable Y

• R2 = 1, then the regression line fully explains the dependence
between X and Y and we have �𝑦𝑦𝑖𝑖 = a + bxi = 𝑦𝑦𝑖𝑖

Interpretation of R2
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• Make a forecast for inflation for Germany

• First take the oil price the last 5 years
(monthly data)

• Exchange rate

• Calculate the dependence between the energy
component of the HCPI and the oilprice

• And calculate the total inflation coming from
the guessed increase of oil prices in the
future due to a possible embargo of Russian
oil
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Forecast of the inflation ind Germany for 2023 based on 
the historical development of oil prices

• Data (monthly data):
• Oil price of the last 5 years
• Exchange rate Euro/USD
• HCPI (Harmonized Consumer Price Index) Germany
• HCPI Energy Component Germany

• Calculate the historical dependence between the energy
component of the HCPI and the oil price via a linear regression

• Make an assumption about the future exchange rate and Oil price
of 2023

• Assume the non-energy component of HCPI stays constant on the
last known level.

• Calculate total inflation for 2023 based on the former assumptions
and dependences

Case study I: Inflation
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https://fred.stlouisfed.org/

Link for Oil price of sort Brent 

https://www.bundesbank.de/dynamic/action/de/statistiken/zeitreihen-
datenbanken/zeitreihen-
datenbank/759778/759778?listId=www_sdks_b01012_2

Link exchange rate USD-Euro

https://ec.europa.eu/eurostat/de/

Link HCPI

Case study I: Inflation

https://fred.stlouisfed.org/
https://www.bundesbank.de/dynamic/action/de/statistiken/zeitreihen-datenbanken/zeitreihen-datenbank/759778/759778?listId=www_sdks_b01012_2
https://ec.europa.eu/eurostat/de/
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Result:

Dependence between Oil-price and Energy component HCPI

HCPI-Energy=76,415+0,4987*Oilprice[Euros]

-> with the assumptions, that Exchangerates USD:Euro will be at 1:1 in 
Summer and Oilprice will be at 130 USD per Barrel in Summer until
December 2023, we obtain, that Oil prices will nove up Inflation by
roughly 0,5 Percentagepoints.

Case study I: Inflation
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(5) Which proportion of the total variance is explained
by the linear regression with a R=-0,93?

𝑅𝑅2 =
�𝑖𝑖=1

𝑛𝑛 ( �𝑦𝑦𝑖𝑖−�𝑦𝑦)2

�𝑖𝑖=1
𝑛𝑛 (𝑦𝑦𝑖𝑖−�𝑦𝑦𝑖𝑖)2
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x y x^2 xy
mean 991,666667 9316,66667 1049650 9627583,33

𝑅𝑅2 =
�𝑖𝑖=1

𝑛𝑛 ( �𝑦𝑦𝑖𝑖−�𝑦𝑦)2

�𝑖𝑖=1
𝑛𝑛 (𝑦𝑦𝑖𝑖−�𝑦𝑦𝑖𝑖)2
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https://sdw.ecb.europa.eu/

https://fred.stlouisfed.org/
you have also a excel add-in

https://www.bundesbank.de/dynamic/action/de/statistiken/zeitrei
hen-datenbanken/zeitreihen-
datenbank/759778/759778?listId=www_sgeldmkt_mb03_neu

https://query1.finance.yahoo.com/v7/finance/download/NFLX?period1=1022112000&peri
od2=1589241600&interval=1d&events=history

https://de.finance.yahoo.com/quote/ADS.DE/history?period1=1
262304000&period2=1653264000&interval=1mo&filter=histor
y&frequency=1mo&includeAdjustedClose=true

https://fred.stlouisfed.org/
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