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Abstract

With a global concern about climate nonstationary and predictions of more
extreme weather events, considering new rainfall distribution patterns is
necessary using the most current and complete data available at any location. In
this study, extreme rainfall frequency is analyzed using daily precipitation data in
Kansas located in the central United States and Tuscany in the central Italy. From
Kansas, 39 stations with data from 1920-2009 are selected, while for from Tuscany
Region, 472 stations with daily time series of at least 15 years in the period 1916-
2017 are used in the analysis. Initial analysis showed an increase in extreme
precipitation events in Kansas with extreme event values tending to increase in
magnitude from the northwest to southeast part of the state. Comparing results
of the first period (1920-1949) to the last of three study periods (1980—2009)
showed that approximately 90% of the state had an increase in short-term rainfall
event magnitudes. Long-term event magnitudes were predicted to be higher in
66% of the state. Tuscany analysis is being conducted. Generally, results show a
shift in rainfall distribution patterns in Kansas and Tuscany spatially and
temporally. This shift changes the design criteria for hydraulic infrastructures,
both in runoff control and storage structures.
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Presentation layout

Two case studies and methods:

1. Kansas, USA
— Weibull method

2. Tuscany, Italy

— Regional frequency analysis of annual maxima based on
the index variable method
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s Design Storms, USA
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Materials
e Data source

> Daily rainfall data from High Plains Regional
Climate Center (HPRCC).

> 24 stations across Kansas, USA

»15 stations from Oklahoma, Missouri,
Nebraska, and Colorado
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* Analysis method

> Annual series method using Weibull
Probability Distribution Function

> Three consecutive periods which cover 90
years; 1) 1920-1949, 2) 1950-1979, and 3)
1980-2009
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Periods |Increase in area

2vs.1l 64%

| - 3vs.1 90%
S 1: 1920-1949

2:1950-1979

3: 1980-2009
| Precipitation difference for 2 year return
period of a)1950-1979 vs. 1920-1949, b)1980-

i 2009 vs. 1920-1949 duration, and c) 1980-
2009 vs. 1950-1979.
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Periods | Increase in area

2vs.1l 69%
3vs.1l 66%
3vs.2 42%

1: 1920-1949
2:1950-1979
3:1980-2009

Precipitation difference for 100 year return
period of a)1950-1979 vs. 1920-1949, b)1980-
2009 vs. 1920-1949 duration, and c) 1980-2009
vs. 1950-1979.
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Periods Increase in area

1vs. TP40 33%
2Vvs. TP40 43%
3vs. TP40 84%

1: 1920-1949
2:1950-1979
3:1980-2009

Precipitation distribution shift (mm) of Hershfield
[1961] vs. the period of a)1920-1949, b)1950—

i ¢ o . 1979, and c)1980-2009 for 2-year return period
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return period

* The entire state of Kansas was
over-predicted for all three
periods.

 The majority of the state was
over-predicted by 25-50 mm
during the first (53%), second
(69%), and third (84%) period.

* Some areas in east Kansas was
overpredicted by more than
50 mm.

Precipitation distribution shift (mm) of Hershfield
[1961] vs. the period of a)1920-1949, b)1950-1979,
A 0 - = and ¢)1980-2009 for 100-year return period.
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Preliminary hypothesis of subdivision
Spatial distribution of sample coefficient of
Skewness G (Lsk) [I level] and

of variation Cv (Lcv) [1l level].

. _

/ TCEV probability distribution function of the o
standardized variable X'=X/u

F.(X ):exp[— Aexp(=nx')- A ALY exp(— nx'/6 )]
Three levels hierarchical approach of parameters

" estimation _

/v homogenous region and Y rainfall duration .
multivariate model

u=a,+a -In(MAP)+a,-z+a,- sin&%—%)—%zi‘%p ‘+a4-hm

as function of climatic and geomorphological
\_ characteristics (Caporali et al., Environmetrics 2008) /
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Highlights

* Extreme precipitation: Rethinking of design storms
considering the recent changes in extreme
precipitation

* Changes in extreme precipitation is different
spatially which needs different local policy and
criteria when designing hydraulic infrastructures

 Among the hydrological variables, design storm
represents the paramount variable for the
implications on flood risk assessment and territory
protection measures definition.
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Thank you!

Questions?

Vahid Rahmani, Assistant Professor
Biological and Agricultural Engineering; Kansas State University; Manhattan, KS, USA
Email: viahmani@ksu.edu
https://www.bae.ksu.edu/people/faculty/ranmani/
https://scholar.google.com/citations?user=fXKee3AAAAAJ&hl=en
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