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Adequacy of Raingauge stations

The optimal number is calculated 𝑁 =
𝐶𝑣
𝜀

2

𝑁 is the optimal number of raingauge stations

If there are 𝑚 stations in the catchment each recording rainfall values 𝑃1, 𝑃2, … 𝑃𝑚in a known time, the 

coefficient 𝐶𝑣 is calculated as

𝐶𝑣 =
100𝜎𝑚−1
 𝑃

𝜎𝑚−1 =
 1
𝑚 𝑃𝑖 −  𝑃

2

𝑚− 1

 𝑃 =
1

𝑚
 

1

𝑚

𝑃𝑖

Usually 𝜀 of 10% is considered

𝜀 is the allowable degree of error in the estimate of the mean rainfall

𝐶𝑣 is the coefficient of variation of the rainfall at the 



Probabilistic Approach:

A random variable X is a variable described by a probability distribution.

 The distribution specifies the chance that an observation x of the variable will fall in a specific range of X.

 A set of observations n1, n2, n3,…………., nn of the random variable is called a sample.

 It is assumed that samples are drawn from a hypothetical infinite population possessing constant statistical

properties.

 Properties of sample may vary from one sample to others.

The probability P (A) of an event is the chance that it will occur when an observation of the random variable is made.

𝑃(𝐴) = lim
𝑛→∞

𝑛𝐴

𝑛

nA --- number in range of event A.

n----- Total observations

1. Total Probability

𝑃 𝐴1 + 𝑃 𝐴2 + 𝑃 𝐴3 +. . ……………+ 𝑃(𝐴𝑛) = 𝑃(Ω) = 1

2. Complementarity 𝑃 𝐴 = 1 − 𝑃(𝐴)

3. Joint Probability 𝑃 𝐴 ∩ 𝐵 = 𝑃(𝐴)𝑃(𝐵)

Example:

The probability that annual precipitation will be less than 120 mm is 0.333. What is the probability that there will be

two successive year of precipitation less than 120 mm.

P(R<35) = 0.333

P(C) = 0.3332 =0.111



Year

Precipi-
tation

2

5

9

15

10

5

Frequency Histogram

Relative Frequency:

𝑓𝑠 𝑥𝑖 =
𝑛𝑖
𝑛

Which is equivalent to 𝑃 𝑥𝑖 − ∆𝑥 ≤ 𝑋 ≤ 𝑥𝑖 , the probability that the random variable X will lie in the

interval [𝑥𝑖 − ∆𝑥,𝑥𝑖]

Cumulative Frequency Function:

𝐹𝑠 𝑥𝑖 = 

𝑗=1

𝑖

𝑓𝑠 𝑥𝑗

This is estimated as 𝑃 𝑋 ≤ 𝑥𝑖 , the cumulative probability of xi.

This is estimated for sample data, corresponding function for population will be



Probability density function:

𝑓 𝑥 = lim
𝑛→∞
∆𝑥→0

𝑓𝑠(𝑥)

∆𝑥

Probability distribution function:

𝐹 𝑥 = lim
𝑛→∞
∆𝑥→0

𝐹𝑠 𝑥

Whose derivative is the probability density function

𝑓 𝛾 =
𝑑𝐹 𝛾

𝑑𝑥



The cumulative probability as 𝑃 𝑋 ≤ 𝑥 , can be expressed as

𝑃 𝑋 ≤ 𝑥 = 𝐹 𝑥 =  

−∞

𝑥

𝑓 𝑢 𝑑𝑢

𝑃 𝑥𝑖 = 𝑃 𝑥𝑖 − ∆𝑥 ≤ 𝑋 ≤ 𝑥𝑖

=  

𝑥𝑖−∆𝑥

𝑥𝑖

𝑓 𝑥 𝑑𝑥

=  

−∞

𝑥𝑖

𝑓 𝑥 𝑑𝑥 −  

−∞

𝑥𝑖−∆𝑥

𝑓 𝑥 𝑑𝑥

=𝐹 𝑥𝑖 − 𝐹 𝑥𝑖 − ∆𝑥

=𝐹 𝑥𝑖 − 𝐹 𝑥𝑖−1
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Probability density function
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−∞ ≤ 𝑧 ≤ ∞

Normal distribution



𝐹 𝑧 =  

−∞

𝑧
1

2𝜋
𝑒−𝑢
2/2𝑑𝑢

Cumulative probability of standard normal distribution

𝐵 =
1

2
1 + 0.196854 𝑧 + 0.115194 𝑧 2 + 0.000344 𝑧 3 + 0.019527 𝑧 4 −4

𝐹 𝑧 = 𝐵 for 𝑧 < 0

𝐹 𝑧 = 1 − 𝐵 for 𝑧 ≥ 0



Ex. What is the probability that the standard normal random variable 𝑧 will be less than -2? Less than 1? 

What is 𝑃 −2 < 𝑍 < 1 ?

𝑃 𝑍 < −2 = 𝐹 −2 = 1 − 𝐹 2 = 1 − 0.9772 = 0.228

Solution

𝑃 𝑍 < 1 = 𝐹 1 = 0.8413

𝑃 −2 < 𝑍 < 1 = 𝐹 1 − 𝐹 2 = 0.841 − 0.023 = 0.818



Example 2:

The annual runoff of a stream is modeled by a normal distribution with mean and standard deviation of 5000 and 1000 ha-m

respectively.

i. Find the probability that the annual runoff in any year is more than 6500 ha-m.

ii. Find the probability that it would be between 3800 and 5800 ha-m.

Solution:

Let X is the random variable denoting the annual runoff. Then z is given by

𝑧 =
(𝑋−5000)

1000
N (0, 1)

(i) P (X≥6500) = P (z ≥
(6500−5000)

1000
)

= P (z≥1.5)

= 1-P (z≤1.5)

= 1- F (1.5) F (1.5) = 0.9332

P (X≥6500) =1-0.9332

P (X≥6500) =0.0688



(ii) P (3800≤X≤5800)

= P [
(3800−5000)

1000
≤ 𝑧 ≤ P

(5800−5000)

1000
]

= P [-1.2≤z≤0.8]

= F (0.8)-F (-1.2)

= F (0.8)-[1-F (1.2)]

=0.7881-(1-0.8849)

=0.673


