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HYDROLOGICAL FREQUENCY ANALYSIS

The objective of frequency analysis is
to relate the magnitude of events to
their frequency of occurrence through
probability distributions.
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Dam Design values: Flood risk map:
Flood extent and water depths of return period
T = 1000 years for Volos city, Greece
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" RAINFALL FREQUENCY ANALYSIS

0 Objective: Multivariate approach on RFA using copulas

0 Design variables of the hydraulic structures

m Rainfall frequency estimation in a multivariate framework

O Dependence of rainfall characteristics L
. T(u.|v) =u 1__—_'_6(}) an
= peak rainfall wrrrb i
= Volume of extreme rainfall T(vu) = u 1-u
. =/ 1-u—v+C(uw)’
= Storm duration

m Design of copulas for various hydrologic (-meteorological) applications (variables)

m Calculation and comparison of univariate and joint bivariate return periods

O Conditional return period
O Joint OR and AND return periods

Rainfall peak and storm duration:

Tl = # either peak and duration exceed their threshold (cooperative risk)
: —CLy v
TAND _— H : . : .
w,v T—u—"+Cop (1)’ both peak and duration exceed their threshold simultaneously (dual risk)
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lllustration of joint probabilities
(from Brunner et al., 2016)

Qn

X X v
a) D)
Quadrant :Pr[X > x,Y > y] =1 — Fy(x) — Fy(y) + Fxy(x,y) = Syy(x,y)

Quadrant Il: Pr [X < x,Y > y]

Quadrant lll : Pr [X < x,Y < y]| = Fyy(x,y)

Brunner M.l, Favre A.C.,, Seibert J. 2016. Bivariate return
periods and their importance for flood peak and volume

Quadrant IV:Pr [X > x,Y < y]|
estimation. WIREs Water 2016. doi: 10.1002/wat2.1173
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FLOW DIAGRAM OF THE METHOD

Choice of copulas

~

Estimation of
copula parameters

Univariate
Approach

Dependence
Structure
Analysis

Copula
(Marginal Approach

Distributions) Exclusion of

copulas -goodness-
of-fit tests

. . Comparison
Choice of the 'V""?'e”'!”g the Lol of univariate
copula via AIC Bivariate Copula and
Distribution Based RP ..
bivariate RP
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’@\ LOCATION OF METEOROLOGICAL
STATIONS, CYPRUS
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RAINFALL DATA, CYPRUS

s T '
. o s Larnaka
O Three Meteorological L 2 T i
Stations (Larnaka, Limassol §
E ~
and Nicosia) R
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Determination of marginal distributions

Station RETURN LEVEL
Larnaka 2 5 10 25 50 100 200 500
Depth (cm) 8.05 1173 1560 2257 3024 4021 5347 7194 I GEV I
Duration (days)  5.17 6.90 8.16 974 1095 1209 1320 1461
Station
Limasol 2 5 10 25 50 100 200 500
Depth(cm) 1014 1307 1547 1774 1966 2145 2315 2527 I I
Duration (days) ~ 5.17 6.90 8.16 974 1095 1209 1320 1461 GEV
Station
Nicosia 2 5 10 25 50 100 200 500
Depth (cm)  6.98 914 1083 1314 1490 1672 1860  21.15 Gamma
Duration (days)  1.26 207 261 327 375 421 466 525 GEV

 GEV distribution was the optimal probability model for both rainfall depth and
duration for Larnaka and Limassol Stations.

* For Nicosia Station, Gamma distribution had a better fit for rainfall depth and GEV
distribution for the hydrograph duration respectively.

* Finally, with the help of the marginal distributions, the univariate return periods are
estimated for design return periods

3 International Electronic Conference on Water Sciences




Ja

cc

ce

o0

BIVARIATE
RAINFALL FREQUENCY ANALYSIS

3 International Electronic Conference on Water Sciences

Chi-plot K plot
o =4 —— =
=
¢ 9 =
£ 2 = a &
2 o ¥ 2 ; '
o 41 - & o ; 2 . o
W © o 3 Rl
< ] o P
T, T T I
it ! un 1 .0 02 04 06 0.8 12
W,
Chi-plot K plot
2 —
K _
w -
-~ w 7
G >0 4 -
fs o T -
I3 B o & § ¢ L, Z
g, 029 P ek 3 T
& o a &
o _
T i e T T T
0.5 2.0 0s *.0 on Hi na 14 e |
X W,
Chi-plot K plot
o :
o
s 3
% o -.
¢ o . =
2 LF o ,7.'§ ._‘:\ -
ae < &
s o @ o ;_,° g e 2y _, P =
s =
T = T T
0 a1 I 1 .0 02 04 06 25 10
Wi,

Department of Civil Engineering,
University of Thessaly

Dependence: Use of Chi and K plots
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Limasol Station

Nicosia Station
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Dependence: Use of Kendall's tau coefficient
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Fitting of a copula model

=
]

0 Copulas from Archimedean, Elliptical and Extreme Value families are fitted
using a pseudo-likelihood estimation method

m Evaluation procedure

O Graphical approaches and a goodness-of-fit test based on the Cramér von Mises statistic
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Fitting of a copula model
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Modelling dependence and fitting of copulas
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Results: AMS Joint Return Periods  ToR<TUN < AND

Station RETURN LEVEL
Larnaka 2 5 10 25 50 100 200 500
Depth (cm)/

al 5.33 6.69 7.36 7.88 8.10 8.21 8.27 8.30
Depth (cm)/ 8.55 13.75 18.80 2785 37.22 49.66 66.09 78.07
cooperative
D“ra;'uoar; @/ 380 575 7.03 8.65 9.84 11.00 12.14 1359
Duration (d)/

uration (d) 6.03 8.25 9.62 11.25 12.41 13.52 14.59 24.44
cooperative

E o _ >5 8. - Return Periods: black=cooperative risk, magenta=dual risk

3 © ¥

: 5 == ? 8

o 0

w o 0 =

o -~ ”,' | O o

:i()" o -‘\2‘\ l| | E ®

é o | R < | (E) = i

- {

i S-F | | | % o 1 | | | |

2 00 0.2 0.4 08 08 10 D 0.95 0.96 097 0.98 099 1.00

DEPTH. EXCEEDANCE PROBABILITY DEPTH, EXCEEDANCE PROBABILITY

STATION LARNACA



~ al
== ~

"y BIVARIATE o Ty
"=~ RAINFALL FREQUENCY ANALYSIS

Effect of Sample Size: Larnaca Station

»

1st Data Sample 2nd Data Sample 3rd Data Sample 4th Data Sample
Station LARNACA LARNACA LARNACA LARNACA
Years 1920-2010 1920-1950 1950-1980 1980-2010
Length (In Years) 90 30 30 30
Number Of Events 90 30 30 30
Kendall's tau 0.14 0.17 0.15 0.14
RAINFALL DEPTH VARIABLE
Sampling Method AMS AMS AMS AMS
Marginal Distribution GEV GEV GEV GEV
Distribution Parameters (u,0,£) 6.06, 2.49, 0.41 6.67,2.79,0.50 5.82,1.74,0.32 5.66, 2.65, 0.51
Kolmogorov smirnov Test(p>0.05) 0.9888 0.9991 0.9897 0.8259
RAINFALL DURATION VARIABLE
Sampling Method Corresponding value Corresponding value Corresponding value Corresponding value
Marginal Distribution GEV GEV GEV GEV
Distribution Parameters (u,0,£) 3.82,1.98,-0.04 3.91,1.90,-0.08 4.38,2.31,-0.14 3.30,1.68, 0.05
Kolmogorov smirnov Test(>0.05) 0.2240 0.6968 0.6647 0.7534
Copula Model Frank, (par=1.22,tau=0.13) Survival Clayton (par = 0.50, tau = 0.20) Joe (par = 1.40, tau =0.18) Clayton (par=0.46,tau=0.19)
Von Mises (bootstrap)(p>0.05) 0.1200 0.5589 0.2000 0.111
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Effect of Sample Size on Dependence: Larnaca Station
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1st Data Sample 2nd Data Sample 3rd Data Sample
Station LIMASOL LIMASOL LIMASOL
Years 1920-2010 1920-1950 1950-1980
Length (In Years) 90 30 30
Number Of Events 90 30 30
Kendall's tau 0.35 0.33 0.26
RAINFALL DEPTH VARIABLE
Sampling Method AMS AMS AMS
Marginal Distribution GEV GEV GEV
Distribution Parameters (u,0,€) 1.19, 341,007 8.70, 3.39,-0.19 6.87,2.82,0.14
Kolmogorov smirnov Test(p>0.05) 0.7835 0.9878 0.9412
RAINFALL DURATION VARIABLE
Sampling Method Corresponding value Corresponding value Corresponding value
Marginal Distribution GEV GEV GEV
Distribution Parameters (,0,§) 542, 265,-0.02 552, 2.89,-0.20 6.12, 2.85,-0.07
Kolmogorov smirnov Test(>0.05) 04212 0.5704 0.5942
Copula Model Gaussian (par = 0.54, tau = 0.36) Clayton (para=0.81,tau=0.29) Frank (para=2.34 tau=0.25)
Von Mises (bootstrap) (p>0.05) 0.18 0.4400 0.9700

Department of Civil Engineering, ]
University of Thessaly

RAINFALL FREQUENCY ANALYSIS
Effect of Sample Size: Limasol Station

4th Data Sample
LIMASOL
1980-2010
30
30
0.59

AMS
GEV
1.74, 3.80,-0.06
0.8746

Corresponding value
GEV
483,2.18,0.10
0.6988
Gumbell (para=2.63 tau=0.62)
0.2400
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Effect of Sample Size: Nicosia Station
1st Data Sample 2nd Data Sample 3rd Data Sample 4th Data Sample

Station NICOSIA NICOSIA NICOSIA NICOSIA
Years 1920-2010 1920-1950 1950-1980 1980-2010
Length (In Years) 90 30 30 30
Number Of Events 90 30 30 30
Kendall's tau 0.27 0.33 0.19 0.18
RAINFALL DEPTH VARIABLE
Sampling Method AMS AMS AMS AMS
Marginal Distribution GEV GEV GEV GEV
Distribution Parameters (y,0,) 5.39,2.26, 0.04 6.04,2.54,0.12 5.09, 2.16,-0.02 9.57, 213,044
Kolmogorov smirnov Test(p>0.05) 0.907M 0.9909 0.8721 0.4083
RAINFALL DURATION VARIABLE
Sampling Method Corresponding value Corresponding value Corresponding value Corresponding value
Marginal Distribution GAMMA GAMMA GEV GEV
Distribution Parameters (,0,€) shape= 2.66,rate= 0.54 shape= 2.68 rate= 0.48 2.81,1.95,0.31 3.54,1.72,0.06
Kolmogorov smirnov Test(>0.05) 0.1094 04000 0.4600 0.5469
Copula Model Survival Gumbel (par = 1.37,tau=0.27)  Clayton (para=1.18,tau=0.37) Joe (para=143 tau=0.19) Survival Joe (par = 1.62, tau = 0.26)
Von Mises (bootstrap) (p>0.05) 0.1425 0.1000 0.2000 0.0600
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Effect of Sample Size: Results
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Kendall’s tau indicated much stronger

Kendall’s tau constant in all applications _ _
correlation during the 30 last years

500yrs Return Values for H (cm) - 500yrs Return Values for H (cm) -
Larnaka Station Limasol Station
m 1920-2010 1920-1950 1951-1980 m1981-2010 m 1920-2010 1920-1950 1951-1980 m1981-2010
173.98
143.35
124.43
77.94 77.16 78.07
39.44 43.14 40.05
j I I 25272106 70 259217.0219 7¢ 26.7921.74 g 2524

8.30 6.62 6.14 8.60 ' -109.94
— — 1 N . - N

UNIVARIATE AND OR UNIVARIATE AND OR

TOR < TUNI < TAND relationship
Significant inconsistences in AND and OR cases especially in Larnaka Station
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Effect of Sample Size: Results
500yrs Return Values for H (cm) -
Nicosia Station

W 1920-2010 1920-1950 1951-1980 ™ 1981-2010

Samgile 1=0.33 Sample 2=0.18 Sample 3-0.18

Kendal's tau reduces with time
21.1529'5017.9010—07 20-8811_5517.80f 23-1333'3619.2510_07 TOR < TUNI ¢ TAND relationship

UNIVARIATE AND OR
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O Results show that univariate analysis can’t provide a complete assessment of the

A

=
)
I

probability of occurrence of extreme rainfall if two or more dependent variables are

significant in the design process

O univariate approaches might lead to an inadequate estimation of the risk associated

with a given event

O Minor dependence between rainfall peaks and storm duration

O bivariate analysis could be considered in the estimation of design values

O Sample size has large impacts on the derived results

O Further investigation is needed for variable data lengths (small and large samples)

O Design values at the study return periods are in consensus with Salvadori et al., (2007)

following the equation TOR < TUNI< TAND

Salvadori G, De Michele C, Kottegoda NT, Rosso R. Extremes in Nature. An Approach Using Copulas,
vol. 56. Dordrecht: Springer; 2007, 292 p.
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