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[ 1 INTRODUCTION ‘ 3 EXISTING INDICES FOR CLUSTERING IDENTIFICATION [ 5 LONGEST RAINFALL RECORDS
Hydrological extremes are regularly assumed independent in most The Hurst parameter, a well-established measure of persistence, can be estimated from 8. Long Benchmark erie We analyze the longest available daily rainfall o 1/20?, — 0 60E e
practical and theoretical applications. The latter is indeed a the slope of the double logarithmic plot of the standard deviation of the averaged process records, I.e. 60 rainfall records surpassing 150 - R

: : . : . : : . years of daily values (collected from the Global
convenl_er_lt assumptlon_ a_s temporal_ mdependence_ IS usfua}lly a versus the averaging timescale, i.e. the climacogram (Koutsoyiannis, 2010). . — Historical  Climate  Network Daily database,
prerequIte for the appllcatlon of the Wld6|y used classical statistics. = We compute the H parameter for extremes extracted from windows (scales) of length E” : g?gi{%ﬁiﬁeé)% European Climate Assessment and Dataset and
1 to N/10 where N is the timeseries length. The first H value (k = 1) is the value for “ b, Monte Carlo Simulation for 150 yeare third parties)
Motivated by the existence of dependence mechanisms iIn the original data and as the scale increases progressively the time series is filtered to ~ Z. " To test the hypothesis ofhperls_:stence In the p:lrer:\t
: : : _ . L _ rocess, we estimate the arameter of the Recrd lengh (ye2rs)
hydrologm_al Processes, I.€. !"UfSt'K()'mOgoro_V dynamlC_S or long- show only the most ‘extreme’ data, e.g. if the basic timescale is daily, the estimated H ¢ ‘ \ AN oA geseasonalized daily rainfaFI)I e e
ST [PEIrSISEEE We mvestlgat_e the propagation of per_SIStence f:rom at timescale k=365 corresponds to the H parameter of the annual maxima. R e S estimated average persistence is even larger than
the parent processes mto thg series of extremes _by focusing especially | | | - N the global estimate (H=0.6) of Iliopoulou et al.
on the opportunity of inferring the former (persistence) from the latter The Dispersion Index, a well-known measure of clustering of events, is defined as the e seRs oA (2016) for annual rainfall.
records of extremes). ratio of the variance of the counts of events versus their mean number at a specific g R SRS = To theoretically validate the empirical results we
E[ 2]_E 2 —— H=0.8, Theoretical . .
timescale k, i.e d) = Z"EL ]B"] . 108, Ty arto (02 perform the following case-specific MC
o Zk 100 === White Noise, Theoretical . . -
‘e Ai - PRSI E simulations:
To this aim, we exam_me re_levant StOChaS’[IC_IndICES Sl{Ch as the Hurst = The dispersion index exhibits power-law scaling behavior which is linked to the |
p_arf_imgter and the PISperSIOn |ndeX, and discuss their Strength_s and underlying persistence structure (Thurner et al., 1997) as: g(k) ~ cki~1 k> ko, T T TTTTTTTT T 28 stations in the Netherlands Netherlands
limitations. Additionally, we explore a new probabilistic

b. Monte Carlo Simulation for 150 years v It IS evident that the assumed —— 10% threshold woo b 5% threshold g

where ¢ a real parameter and k, denotes the scaling onset timescale. It follows that i i _ _ _
model 1s consistent with the

= MC-average: HK model (H=0.7), Normal

characterization of clustering for extremes which iIs found to

10.0 MC-average: HK model (H=0.7), Type-Gamma («=0.01)

the exponent 2H — 1 can be obtained as the slope of the double logarithmic plot of

Index of dispersion of POT occurrences at scale k

= o o o o - - - = MC-average: HK model (H=0.7), Type-Pareto («=0.2) - - s
provide new insights into the identification and modeling of N . majority of the observed records, =
the dispersion index versus the timescale for k>k,. —Em with only a few stations located = " Tt o

extremal dependence. o _ R _ — T = e |

> Both indices mask persistence for non-Gaussian timeseries! at the South-West of Netherlands ootz oo o1
! 2 ° 10 Tiomporalscalzok 100 200 365 500 1000 eXh|b|t|ng even Stronger 0'101 2 5 10 20 50 100 200 500 1000 1 2 5 10 20 50 100 200 500 1000
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clustering.

» As the threshold iIncreases .,
evidence of persistence Is

[ 728 CONCEPTUALIZATION OF CLUSTERING ( 4

= Let x; be a stationary stochastic process in discrete time i and x a single realization of We form the Peaks Over Threshold series, y; and the series of counts of E:gg;ﬁ:;/tiy be‘rllz\s/ti’or a(;\]?l Pg]'le' |
1 1 1 1 1 K 1t I I k 01, 5 10 20 50 100 200 500 1000 | 1 2 5 10 20 50 100 200 500 1000
the latter, 1.e. a timeseries (a). For u being a threshold, u € R, we define the process of the POT el\(/ents for each scale, z¥. We additionally, define the binary oy 1, ZEI ) > 0 approaches randomness. B o Bom o w
Peaks Over the Threshold (POT) of events surpassing the threshold u, i.e, y; (b). process rq( to denote the event of exceedance of the threshold at each g = 0 (k) 0 lceland
: . : L - _ . Z = Stykkisholmur, Iceland
= Let also N(t) be a counting process of POT occurrences in time. We define the process time interval g of sizek, q=1,...,[n/k |: T =4 . yThe e e e i i M : % threshold
: o 1screpancy el
K) «—
2M:= N(gk)-N((q — 1)k) as the number of occurrences of POT at timescales k and at persistence of the parent process _
discrete time q =1,..,n/k (c,d). Then, the probability of exceedance of the threshold for timescale k [n/k] (k) and the stronger one implied by = ™ =i |
= We additionally define the block maxima series as m® := maxg _ 1y <j<q {X} (€). is obtained as the frequency of exceedances estimated from all |n/K| I—g(k) _ <1 -4q Fhe extremes might be due to the | T ziifgmiité:iﬂiiilﬁf;ﬁ:i?
a. FarE"t TimEEEriES}x{H:n'B] intervaIS' ln/kJ ImpaCt Of Iarge-scale atmospherlc 0-101 2 5 I izseaso;‘:“zj(:):bs:(;;ahon;oo 1000 1 2 5 10 20 50 100 200 500 1000
12 E ' circulation patterns on rainfall . - 1% threshold om @ 0.5% threshold
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extremes (NAQO), which might
8 1 1r ) 100 1.00
; ) . The latter Is the Exc?edance Probability of the threshol-d versus the . b I need even longer record lengths in -
s o, 2 » 4 Ehreshold & Scale (EPvS) and its complement pU) =1—p" is the Non- — H-08.P, =02 — 508, Nommal order to be summarized by the <,
— — — —— —— —— — — —— —— —— — — —— H=07.P, a=0. —— H=0.7. Norma . ;
PP L P R BT e T o i S P T exceedance Probability versus Scale (NEPVS). s gy sy oy z Rl e e | second-order characterization of
C | I— I o~ iﬁ..._!“q__ﬂ S o e P '-'.,! '.'-"'f_q_ ‘,_H —— H=05,P, =02 ! 3 —— H=0.5, Normal | the H parameter N . 5 10 2 s 100 200 500 1000 1 2 5 10 20 50 100 200 500 1000
-2 Ao A AN RRMS S Sf AN AbcsR s Rl o @0 S E > Fora purely random proceSS the NEPVS iS p(k): pk """" H=09, G, a=0.01 NEPvS model fit ' Temporal scale k (d) Temporal scale k (d)
L. POT . e s e 5L H=038, G, «=0.01
D TEEsY where p is the probability of non-exceedance at the basic scale k = 1 " iman o oo JE
e » For HK (persistent) processes though, a different behaviour is ~ |- ﬁégfs’i’oi?'fﬁj:}}\:i;{.f 6
8 : N & 10 y/ r',",‘ 1.0
° erelen, Wil Une (relellites of nor-eestenc: of e N ] Both the second-order properties (H parameter) and the high-order moments of the parent
: process impact the temporal properties of the generated extremes, and therefore
2
O

I_I _| threshold u threshold being larger than those obtained under independence.

characterizations of clustering of extremes need to account for both.
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(1 Identifiability of persistence from records of maxima is in general limited and weakens as
the threshold for extremes increases.

= To model the NEPVS, we revisit a probabilistic model proposed by

c. Counts of POT occurrences at basic scale, 21/ 0.1

1 Koutsoyiannis (2006) to describe the clustering behaviour of dry
. : : |  The estimates from the Hurst parameter and the dispersion index are severely downward
i ‘ ‘ ‘ ‘ “ spells in ralnfalltlmeserles:_.1 D s s 0 m s 0 W0 0 s e w100 a0 oo 1000 | S P | P y
N TN M ARKEAR RS9 2N NEEICRRERSE RS SE () p[1+(g /1-1) (= 1)1 b= 1—F(u) Temporal scale Temporal scale k biased for extremes originating from non-Gaussian processes.
d. Counts of POT occurrences at scale 10, 210 _ _ o _ _ 10.00 1000 > ‘/A new probabilistic index Is proposed to represent clustering based on the probability of
N For » =1 and & = 0.5, this equation describes the white noise process.

non-exceedance of a given threshold across scales, the NEPvS (Non-Exceedance
M Probability vs Scale) index. The index can be directly used for statistical testing of
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= For threshold 5%, sample size 150 years and H=0.7, we estimate the

2
e | NEPvS index for benchmark series characterized by different departures from independence. Case-specific Monte Carlo simulations are needed to
9 I marginal properties and distribution tails, i.e. the Standard Normal, validate models coupling persistence with different marginal properties.
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= the Gamma (G) and the Pareto (P) distribution, in order to explore - 1o 100

e. Block Maxima series at scale 10, A4119] _ _ _ %
12 the impact of skewness and kurtosis on the NEPVS index. <
10 We find that: lliopoulou, T., Papalexiou, S.M., Markonis, Y. and Koutsoyiannis, D., 2018. Revisiting long-range dependence in annual

' precipitation. Journal of Hydrology, 556, pp.891-900., https://doi.org/10.1016/j.jhydrol.2016.04.015
— > clustering of extremes and its identifiability is greater for the normal Dimitriadis, P. and Koutsoyiannis, D., 2018. Stochastic synthesis approximating any process dependence and distribution.

Stochastic environmental research and risk assessment, 32(6), pp.1493-1515. https://doi.org/10.1007/s00477-018-1540-2

95% MCPL: White Noise 95% MCPL: White Noise
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distribution 010 9% MCPL: H=07,G (a=0.1) 95% MCPL: H=0.7, G (a=0.1) Koutsoyiannis, D., 2006. An entropic-stochastic representation of rainfall intermittency: The origin of clustering and
i I I ' i I I o _ S _ _ | T 2; mgit ig; E;fmzf) | — 95% MCPL: H=0.7, G (a=0.01) persistence. Water Resources Research, 42(1)., https://doi.org/10.1029/2005WR004175
. . e " e . oo » for a specified non-Gaussian distribution, clustering Is greater and Koutsoyiannis, D., 2010. HESS Opinions" A random walk on water". Hydrology and Earth System Sciences, 14(3), pp.585-
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Time units also more visible for increasing skewness and kurtosis. Temporal scale Temporal scale

: : : T ] i Thurner, S., Lowen, S.B., Feurstein, M.C., Heneghan, C., Feichtinger, H.G. and Teich, M.C., 1997. Analysis, synthesis, and
For the time series generation scheme see Dimitriadis and Koutsoyiannis (2018). estimation of fractal-rate stochastic point processes. Fractals, 5(04), pp.565-595.
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