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Introduction
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Research question and objective

 Research question:

Are extreme precipitations in Spain experiencing any deviation from 
the stationary assumption that makes it necessary to consider a non-
stationary frequency analysis?

Analyze the frequencies of Annual Maximum Daily Precipitation 
(AMDP) over Spain through a non-stationary approach and 
make predictions under climate change scenarios

 Objective:
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Methodology: workflow

Pettitt test

Change point
analysis

2
Trend

analysis

Mann-Kendall test (MK)

3
Temporal dependence

analysis

• Anderson test
• Ljung-Box test

Frequency analysis assumptions

1

Annual Maximum Daily
Precipitation (AMDP)

Teleconnection
analysis

• Pearson correlation
• Kendall correlation

4
𝛼 = 0.05

for all the tests

Non-stationary modeling
with GAMLSS

5
LOGNO, GA, WEI, 

RG, LO and GG
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Methodology: non-stationary approach

Conventional frequency analysis
(stationary)
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Non-stationary frequency analysis
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Methodology: GAMLSS framework

𝑔ଵ 𝜃ଵ = 𝑋ଵ𝛽ଵ + ෍ ℎ௝ଵ 𝑥௝ଵ

௠భ

௝ୀଵ

𝑔௞ 𝜃௞ = 𝑋௞𝛽௞ + ෍ ℎ௝௞ 𝑥௝௞

௠ೕ

௝ୀଵ

Generalized Additive Models for Location, Scale and Shape (Rigby & Stasinopoulos, 2005)

Semi-parametric additive model:

ℎ௝௞ ȉ represents the functional dependence of the
distribution parameters on covariates 𝑥௝௞; it can be linear or
non-linear through smoothing terms (cubic splines were
used in this study)

𝑔௞ ȉ is the link function (e.g., identity, logarithmic)

𝑋௞𝛽௞ is the parametric linear component

𝑔ଶ 𝜃ଶ = 𝑋ଶ𝛽ଶ + ෍ ℎ௝ଶ 𝑥௝ଶ

௠మ

௝ୀଵ

Probability distribution with three parameters:

𝑔ଷ 𝜃ଷ = 𝑋ଷ𝛽ଷ + ෍ ℎ௝ଷ 𝑥௝ଷ

௠య

௝ୀଵ
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Study region

Precipitation data

o Gridded dataset by AEMET

Peninsular Spain and Balearic islands

o Spatial resolution: 0.05° × 0.05°
(~5 𝑘𝑚 × 5 𝑘𝑚; 16 156 grid points)

o Temporal resolution: daily

o Temporal coverage: 1/1/1951-
31/12/2020 (70 calendar years)

Winter climate indices data

o Historical: CPC-NOAA (USA)

o Future: Cusinato et al. (2021)
24 climate models (CMIP6) / ssp585
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Historical and projected winter climate indices

North Atlantic Oscillation (NAO) index
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East Atlantic (EA) index

East Atlantic-Western Russia (EAWR) index Scandinavian (SCA) index
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Pettitt test

Stippling: 
33.38%

Stippling: 
17.05%

Results: change points

Reduction of significant results

Global evaluation
Local evaluation

Effect of test multiplicity

FDR - Benjamini & Hochberg
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Stip.: 35.56% 
Pos. : 34.22%
Neg. : 1.34%

Stip.: 20.12% 
Pos. : 19.64%
Neg. : 0.48%

Results: monotonic trends

Mann-Kendall test

Local evaluation

Reduction of significant resultsEffect of test multiplicity

Global evaluation
FDR - Benjamini & Hochberg
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Results: non-stationary modeling, non-lagged covar.

Legend

Sudden increases and decreases in variance
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Series of 20 sites were modeled
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Results: non-stationary modeling, non-lagged covar.

Legend The scale parameter covariates took values
at the limits and outside their historical range
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Maximization/minimization of the variance

Combined effects
Origin?

Extrapolation
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Results: non-stationary modeling, lagged covar.

Non-lagged covariates Lagged-1 covariates

o Models with lagged covariates have higher
performance than models with non-lagged
covariates, but their complexity also increases

o High sensitivity of models in the predictive phase
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Results: equifinality

Non-lagged covariates Lagged-1 covariates

o Different model structures (see 𝜃ଶ)

o Similar AIC

Which model do I select? Equifinality

o Opposite behavior in projected variance (?)
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Conclusions

 AMDP over several Spanish regions are experiencing some deviation from the
stationary assumption (change points and trends)

 Non-stationary modeling revealed serious problems that led to doubts about
the reliability of the adopted models

 Equifinality makes it difficult to select a representative non-stationary model

 There is uncertainty associated with extrapolating the relationships between
distribution parameters and covariates into the future, as these relationships
may change as the sample data increase

 There are no projections for all climate indices

 We need to find a physical mechanism to explain non-stationarities
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