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Implementation of Gauss function in determing 
probability of floods at the gauge station “Dolenci” 
on the Crna Reka in Republic of Macedonia

Introduction
Crna Reka is located in the western part of Repub-
lic of Macedonia. The gauge station Dolenci is lo-
cated in the upstream section of Crna Reka, in the 
area known as Demir Hisar with altitude of 739 
meters above the sea level with alimentation area 
of 216,5 km2. 

The distribution of monthly and annual 
amounts of precipitation shows that the highest 
rainfall is observed in the second decade from 1971 
to 1980, while the average annual amount of pre-
cipitation is 755 mm (period 1961-1990).  The larg-
est amount of rainfall was recorded in 1963 (978 
mm).  The lowest annual amount of rainfall was 
recorded in 1990 with quantity of 522 mm. Average 
annual rainfall is 732 mm. Allocation of multi-av-
erage amounts of precipitation for the rain gauge 

“Dolenci” shows that rainfall is higher in autumn 
than in spring ie the months of November and De-
cember are more rainy than April and May.  The 
lowest rainfall amount is observed in August with 
an average annual quantity of 36 mm, while the 
month with the highest rainfall is November with 
an average of 90 mm.

The water discharge at the gauge station is 
measured by a staff gauge. The maximum water 
discharge data array for the 40 year period is con-
tinuous. 

Standard period for flood frequency analysis is 
30 years (Srebrebrenovic, 1986).

Methods and data
As for all other distribution functions it is important 
to determine the parameters of the Gauss distribu-
tion function, which will help the relevant probabil-
ities for a certain period to be obtained. For hydro-
logical research it is particularly important to take a 
standard period of 30 years in order for the forecast 
to be accurate. It is also important to note that the 
Gauss distribution function is symmetric, and this 
feature does not match with the theoretical distri-
bution of floods in natural conditions.

The empirical distribution is calculated according 
to Weibull’s formula, where m is the ordinal number 
in the sequence of the data and N is the total num-
ber of members in the thread. Pm = m/(N+1). This 
formula facilitates the determination of Fe (empiri-
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cal distribution) of the hydrological series (sequence), 
which is necessary to calculate the values of the max-
imum difference Dn between the empirical distribu-
tion function estimated using the Weibull formula 
and the theoretical Gauss distribution function ac-
cording to the Kolmogorov-Smirnov test. The Gauss 
distribution function has a dual parameter, and its 
main parameters are the arithmetic mean (annual 
average flow) and standard deviation (σ). The mean 
maximum range of hydrological flows for the period 
1960/61 – 1999/00 is 15,38 m3/s.

Qsr = 15.38*
σ = 11.25*

*The basic data on maximum annual flow at 
the gauge station “Dolenci” on the Crna Reka was 
provided by the Hydro-meteorological Service of 
the Republic of Macedonia. 

The return level of flooding discharge for the 
appropriate return periods (T) using the Gauss 
distribution function is equal to the sum of the 
annual average flow (xsr) for a period of 40 years 
and the product of the standard variable (z) and 
the standard deviation (σ) of the sequence.

Qmax = x + z × σ

By using the Gauss distribution function the 
following results were obtained for maximum 
theoretical water flows of the Crna Reka at the 
level check point “Dolenci“.

Kolmogorov-Smirnov test
To determine the coincidence of the empirical dis-
tribution with the theoretical Gauss distribution 
it is necessary to perform a test. In hydrology, the 

most popular tests are the Kolmogorov-Smirnov 
tests and the x2 tests. In this paper the Kolmog-
orov-Smirnov tests are primarily used because of 
the difference between the empirical and the the-
oretical distribution (Dn), which is obtained for 
each member in the sequence. Using the Kolmog-
orov-Smirnov test as a non parameter is particu-
larly advantageous in hydrological research, par-
ticularly because the information is stored for all 
recorded data and each result of the theoretical 
function is compared to the respective empirical 
value. The resulting difference in probabilities be-
tween the empirical and the theoretical distribu-
tion is denoted by Dn, which should be less than 
the critical value –Do (0,215) in order to accept the 
zero hypothesis that the theoretical function co-
incides with the empirical. The biggest disadvan-
tage of such testing is the determination of the 
difference between the empirical and the theoret-
ical distribution function, which is only possible 
for the maximum water flow recorded in that pe-
riod (47m3/s).

After determining the Gauss distribution 
function (Ft) the largest difference between the 
empirical and the Gauss distribution function 
is calculated. The largest difference Dn is –0.16. 
This value is less than the critical value Do and 
therefore the Gauss distribution function pro-
vides a good agreement to the empirical distri-
bution.

Table 1. Determining the probability of flooding of the Crna Reka for the period 1960/61 – 1999/00 at the level 
check point “Dolenci“

Return period (T) Probability (P%) z z·σ Qmax (m3/s)

10000 0.01 3.715 41.7938 57.17

1000 0.1 3.09 34.7625 50.14

200 0.5 2.576 28.9800 44.36

100 1 2.326 26.1675 41.55

50 2 2.054 23.1075 38.49

25 4 1.752 19.7100 35.09

20 5 1.64 18.4500 33.83

10 10 1.28 14.4000 29.78

5 20 0.842 9.4725 24.85

2 50 0 0.0000 15.38

Dn = max|Fo(xi) – Ft(xi)|

p(x) = 1
σ√2π

e
x-μ1

2 σ( )2
–

, –∞ < x ≤ +∞
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Table 2. Calculating the Kolmogorov-Smirnov parameter Dn for the Gauss distribution

m Q (m³/s) Fe% Fe z Ft 1-Ft Dn

1 2.20 98.27 0.98 -1.17156 0.120688 0.88 0.10

2 3.30 95.79 0.96 -1.07378 0.141461 0.86 0.10

3 3.50 93.32 0.93 -1.056 0.145484 0.85 0.08

4 3.84 90.84 0.91 -1.02578 0.152498 0.85 0.06

5 4.82 88.37 0.88 -0.93867 0.173951 0.83 0.06

6 4.99 85.89 0.86 -0.92356 0.177859 0.82 0.04

7 5.46 83.42 0.83 -0.88178 0.188948 0.81 0.02

8 6.30 78.47 0.78 -0.80711 0.209801 0.79 -0.01

9 6.30 80.94 0.81 -0.80711 0.209801 0.79 0.02

10 6.90 73.51 0.74 -0.75378 0.225491 0.77 -0.04

11 6.90 75.99 0.76 -0.75378 0.225491 0.77 -0.01

12 7.88 71.04 0.71 -0.66667 0.252493 0.75 -0.04

13 7.92 68.56 0.69 -0.66311 0.25363 0.75 -0.06

14 8.06 66.09 0.66 -0.65067 0.257631 0.74 -0.08

15 9.60 63.61 0.64 -0.51378 0.303704 0.70 -0.06

16 9.64 61.14 0.61 -0.51022 0.304948 0.70 -0.08

17 9.96 58.66 0.59 -0.48178 0.314982 0.69 -0.10

18 10.20 56.19 0.56 -0.46044 0.322599 0.68 -0.12

19 10.40 53.71 0.54 -0.44267 0.329003 0.67 -0.13

20 10.50 51.24 0.51 -0.43378 0.332225 0.67 -0.16

21 12.00 48.76 0.49 -0.30044 0.381919 0.62 -0.13

22 12.60 46.29 0.46 -0.24711 0.402411 0.60 -0.13

23 14.10 43.81 0.44 -0.11378 0.454707 0.55 -0.11

24 15.00 41.34 0.41 -0.03378 0.486527 0.51 -0.10

25 15.80 38.86 0.39 0.037333 0.51489 0.49 -0.10

26 16.90 36.39 0.36 0.135111 0.553738 0.45 -0.08

27 18.70 33.91 0.34 0.295111 0.616045 0.38 -0.04

28 18.80 31.44 0.31 0.304 0.619436 0.38 -0.07

29 20.00 28.96 0.29 0.410667 0.659342 0.34 -0.05

30 20.40 26.49 0.26 0.446222 0.672282 0.33 -0.06

31 20.80 24.10 0.24 0.481778 0.685018 0.31 -0.07

32 21.80 21.53 0.22 0.570667 0.715887 0.28 -0.07

33 23.30 19.06 0.19 0.704 0.759284 0.24 -0.05

34 23.80 16.58 0.17 0.748444 0.772904 0.23 -0.06

35 25.90 14.11 0.14 0.935111 0.825134 0.17 -0.03

36 35.00 11.63 0.12 1.744 0.95942 0.04 0.08

37 35.80 9.16 0.09 1.815111 0.965247 0.03 0.06

38 38.00 6.68 0.07 2.010667 0.97782 0.02 0.04

39 41.00 4.21 0.04 2.277333 0.988617 0.01 0.03

40 47.00 1.73 0.02 2.810667 0.997528 0.00 0.01
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It is evident from the above graph that the 
Gauss distribution function presents smaller val-
ues than the empirical distribution function. The 
largest difference Dn = -0.16 is expressed on the 
empirical probability of 0.51. 

The above table presents the results for max-
imum theoretic water discharge for different re-
turn periods (2-10.000 years), calculated with five 

probability distributions. Results of the Gauss 
distribution function have the lowest values com-
pared with other distributions.

From the above graph the difference between the 
Gaussian normal distribution and the asymmetric 
distributions, like Gumbel, LogNormal, Pearson III 
and Log Pearson III distributions, is evident. There 
is a better agreement between the asymmetric dis-
tributions, especially logarithmic distributions and 
empirical distribution functions.

From the above table it is evident that the max-
imum difference Dn for the Gauss distribution 
function has the highest Dn value compared with 
the other four distributions functions The asym-
metrical distributions used here provide  a  bet-
ter  match  with  the empirical  distribution func-
tion. The distribution providing the best fit is the 
LogPearson type III.

An empirical distribution function of max-
imum annual flows for the period 1960/61 – 
1999/00 is presented with blue dots on the above 
chart. The Gauss distribution is marked with a 
green line and has a symmetrical shape. Nota-
ble is the fact that the five largest recorded flows 
for the analyzed period of 40 years not only de-
viate from the Gauss distribution function, but 
also do not belong within the 95% confidence in-
tervals obtained by using “Monte Carlo” simu-
lation. 

KS – Test Comparison Cumulative Fraction Plot
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Figure 1. Position of the maximum difference Dn between the 
empirical and the Gauss distribution function

Table 3. Comparing the results of Gauss distribution function and four other asymmetric distributions

Distribution Gauss Pearson III LogPearson III Gumbel Lognormal

T / Parametres xsr,σ Qsr,Cv,Cs Cv,Cs,ysr α,β ysr,σ

10000 57,17 86,11 168,66 91,14 196,11

1000 50,14 68,60 109,57 70,96 122,32

200 44,36 55,91 77,09 56,81 82,90

100 41,55 50,41 64,86 50,69 68,69

50 38,49 44,57 53,59 44,63 55,94

25 35,09 38,62 43,26 38,40 44,53

20 33,83 36,71 40,12 36,38 40,92

10 29,78 30,42 30,90 30,24 31,17

5 24,85 23,69 22,44 23,48 22,40

2 15,38 16,05 12,01 13,54 11,86

Table 4. Kolmogorov-Smirnov test for five probability distributions with maximum difference Dn

K-S test a=1% a=5% a=10% Attained a Dn

Normal ACCEPT ACCEPT ACCEPT 26,47% 0,15574

LogNormal ACCEPT ACCEPT ACCEPT 88,60% 0,08901

Pearson III ACCEPT ACCEPT ACCEPT 83,42% 0,09515

Log Pearson III ACCEPT ACCEPT ACCEPT 98,59% 0,06871

Gumbel ACCEPT ACCEPT ACCEPT 65,96% 0,11238
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Figure 3. Probability chart of Gauss function with 95% confidence intervals using “Monte Carlo” simulation

Figure 2. Probability chart with five distributions: Normal (Gauss), Gumbel, LogNormal, Pearson III and LogPearson III
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Discussion and Conclusions
The Gauss distribution function in flood analy-
sis could be used for reference purposes, but the 
results, especially for the smaller probabilities 
that correspond to return periods of 100, 1000, or 
10.000 years, cannot be considered as relevant, i.e. 
high floods are underestimated. 

This is confirmed by the probability paper, 
where the five highest values of the empirical dis-
tribution function do not match with the theoret-
ical Gaussian distribution function, i.e. the Gauss 
straight line for small probabilities shows lower 
calculated floods. The general importance of this 
paper was significance of using a Gaussian distri-
bution in determine a probability of flood features 
in nature conditions (upstream section of Crna 
Reka). The results showed the fact that Gaussian 
function can be used like comparing distribution 
in parallel with other distributions. The regime 
of flood features on Crna Reka is approximately 
equal to other neighboring streams. Beside this 
large deviation, the theoretical floods do not coin-
cide with the 95% confidence intervals calculated 
with “Monte Carlo” simulation (simulation used 
for testing confidence between empirical and the-
oretical distribution, using confidence limits for 
95% comparing).
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