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LOCAL FREQUENCY ESTIMATES

For each location (rain gauge) a Generalized Extreme Value distribution was fitted to annual maximum series (AMS) 

to estimate qunatiles corresponding annual exceedance probabilities p = 0.5 – 0.001. 

PROBLEMS OF LOCAL ESTIMATES

Short records (< 20 years)  sampling errors  high uncertainty in quantile estimates especially for p < 0.1 

REGIONAL FREQUENCY ESTIMATES

The question whether the global records into a cluster are homogeneous may be answered in a statistical sense by  
applying the theoreme of ergodicity.

HOMOGENEITY TESTING
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where ധµ the mean of means calculated

from the individual 𝑘 series; and 𝑥𝑗 is

determined for each series as the

quantile corresponding to probability of

exceedance 𝑝 = 0.5 using the GEV

distribution.

The question whether the records in a

grouping of stations (clusters) are

homogeneous (quasi-ergodic) may be

answered in a statistical sense by

applying the criterion [3. 4. 5]:
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This study integrates quasi-ergodicity with regional frequency analysis to enhance rainfall frequency estimates for cases when only short or spatially uneven rainfall records are 

available.  Since extreme rainfall events are rare and rainfall observations are often short, extending records at a single site does not necessarily improve frequency estimates. 

Instead, regional frequency analysis is required, particularly for ungauged locations, to ensure more reliable rainfall frequency estimations. By applying fuzzy clustering alongside

with the mean ergodic assumption, we provide a methodological framework that enhances estimation accuracy, particularly for regions with short rainfall records. Our findings

suggest that quasi-ergodicity can effectively reduce random errors, improve spatial consistency of regional estimates of rainfall frequencies. 

We demonstrate our approach on real-world rainfall data. The Fuzzy C-Means (FCM) clustering was deployed to classify rainfall durations and determine the optimal number of 

clusters. The Generalized Extreme Value (GEV) distribution was fitted to module coefficients, and Bayesian inference was used to estimate 90% credible intervals, improving the

reliability of frequency estimates.

To assess regional homogeneity, we performed analysis of variance across the identified clusters. The results confirmed that clustering effectively reduced variance, validating the

appropriateness of the selected number of clusters and enhancing the estimates of rainfall frequencies. At the end, depth-duration-frequency (DDF) curves were generated for

recurrence intervals from 2 − 1000 years, revealing that credible intervals widen with increasing recurrence intervals. The overlap of credible intervals beyond 50 years suggests

that regional frequency analysis is most effective for shorter recurrence intervals, while at higher recurrence intervals, the study region behaves as a single homogeneous unit. 

OBJECTIVES:

The primary objective was to perform regional frequency analysis of short-duration rainfall intensities for duration 5−240

minutes by applying the concepts of quasi-ergodicity as a test of cluster homogeneity. The consequent goal was to estimate

regional IDF curves for short-duration rainfall quantiles at a regional scale.

Schematized concept of the mean

ergodicity theorem. The horizontal

axis represents time and the vertical

axis represents 𝑁 realizations of a

stationary stochastic process 𝑋 𝑡 .

Distribution of process realizations

𝑋𝑖 𝑡 in space  (a statistically

homogeneous region). where each

dot represents a hypothetical rain

gauge with a series of annual

maxima.
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Probability exceedance curves calculated for module koefficients 𝑘𝑖 = Τ𝑥𝑖 ҧ𝑥 . The 

reduced global series reflect are sed to eliminate the effects of mutual correlations 

between adjacent locations [1.3.4]. 

AMS series (from the 
individual rain gauges)  
were standardized to  
module coefficients

𝑘𝑖 =
𝒙𝒊
ҧ𝑥

Station-year method
The probability of 
exceedance can be

determined on the global
data of length 𝑛𝑗 as

𝑃 =
𝑚−0.3

σ 𝑛𝑗+0.4

The length of the global series is:

𝑛∗ = 𝑛1 + 𝑛2 + 𝑛3 ++ 𝑛𝑁 = ෍𝑛𝑗 .

where 𝑛1. 𝑛2. 𝑛3…𝑛N are the length of the individual 

series.

To eliminate the effect of violating the independence 

(correlation between adjacent stations) we get a  reduced 

length of the global series: 

𝑛∗ = 𝑛1 + 𝑛2 1 − 𝑟2 + 𝑛3 1 − 𝑟3 ++ 𝑛𝑁 1 − 𝑟𝑁 .

where 𝑟𝑖 are the maxima correlation coefficients

between pairs of stations.

The global series is divided into groups of  elements:

 =
σ𝑛𝑗
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The plotting position (empirical probability of exceedance)

for the reduced series has been defined by Dzubák (1969)

as:
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The ratio  ҧ𝑥𝑘/ 𝑥/ 𝑛 was evaluated for 

each cluster separatelly. and the whole 

dataset (no clustering).

15-minute rainfall with return period 10 years

CLUSTERING

Fuzzy C-Means (FCM) clustering

was applied to a normalized

dataset to reduce outlier effects.

The algorithm initialized cluster

centroids and a fuzzy membership

matrix. iteratively updating

membership values and centroids

based on point distances.

Optimization continued until

changes in centroids or

memberships fell below a

threshold. The final outputs

included cluster centroids and a

membership matrix. reflecting the

degree of association of each

data point to multiple clusters.

Τ𝒔𝒑𝒂𝒕𝒊𝒂𝒍 𝒓𝒂𝒏𝒅/ 𝒏

D (minutes) Cluster # 1 Cluster # 2 No clustering

5 1.41 1.28 1.45

10 1.25 1.14 1.34

15 1.20 1.07 1.30

20 1.10 1.04 1.26

30 1.03 1.11 1.33

40 1.15 1.10 1.34

50 1.20 1.15 1.38

60 1.12 1.16 1.37

90 1.00 1.18 1.36

120 1.03 1.22 1.38

180 1.04 1.25 1.40

240 1.08 1.27 1.41
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