MEAN ERGODICITY IN REGIONAL RAINFALL-FREQUENCY ANALYSES
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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 H O M OG E N E|TY TEST| N G
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
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clusters. The Generalized Extreme Value (GEV) distribution was fitted to module coefficients, and Bayesian inference was used to estimate 90% credible intervals, improving the The total Spatlal variance os IS

reliability of frequency estimates. considered as the sum of random G,%
To assess regional homogeneity, we performed analysis of variance across the identified clusters. The results confirmed that clustering effectively reduced variance, validating the and aeoaraphical 2 components [51:
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 geograp Og P [ ]
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. Gg = szﬂ + 55

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.

The random component is considered
as the variance of the global series

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

to estimate gunatiles corresponding annual exceedance probabilities p = 0.5 — 0.001.

The spatial variance of the AMS means
was estimated as
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Short records (< 20 years) = sampling errors = high uncertainty in quantile estimates especially for p < 0.1 =

where p the mean of means calculated
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Fuzzy C-Means (FCM) clustering
was applied to a normalized

i Gk 1| dataset to reduce outlier effects.
oo ity The algorithm initialized cluster
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15-minute rainfall with return period 10 years

Distribution of process realizations
X;(t) in space (2 (a statistically
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