Adv. Geosci., 26, 7176, 2010 4 "* .

www.adv-geosci.net/26/71/2010/ € Advances in
doi:10.5194/adgeo-26-71-2010 Geosciences
© Author(s) 2010. CC Attribution 3.0 License. -

Bayesian trend analysis for daily rainfall series of Barcelona

M. . Ortego?l, J. Gibergans-Baguend, R. Tolosana-Delgadd, J. J. Egozcué, and M. C. Llasat®

lUniversitat Poliecnica de Catalunya, Departament de Mattoa Aplicada lll, Barcelona, Spain
2Universitat Poliécnica de Catalunya, Laboratori d’Enginyeria Mara, Barcelona, Spain
SUniversitat de Barcelona, Departament d’Astronomia i Meteorologia, Barcelona, Spain

Received: 5 March 2010 — Revised: 17 March 2010 — Accepted: 21 May 2010 — Published: 15 July 2010

Abstract. A Point-Over-Threshold approach using a repa- Smith (1989, where the possibility of a trend was consid-
rameterization of the Generalized Pareto Distribution (GPD)ered. Within the same study, the possibility of an abrupt
has been used to assess changes in the daily rainfahange due to an improvement in measurement technology
Barcelona series (1854-2006). A Bayesian approach, conis discussedRaftery 1989. Other climatic variables such
sidering the suitable scale and physical features of the pheas temperaturesPérey et al. 2007 or rainfall have been
nomenon, has been used to look for these alterations. Twalso assessed for trends, through nonparametric tBsts (
different models have been assessed: existence of abrupil et al., 2007 or linear regression type test8ddini and
changes in the new GPD parameters due to modifications o€ossy 2010. However, some author&étz et al, 2002
the observatory locations and trends in these GPD paramesonsider that the evidence of trends based on least squares
ters, pointing to a climate change scenario. regression does not necessarily reflect properties of extremes
like heavy tails. A Bayesian approach may be suital§ketf
et al, 2002 Coles et al.2003.
) The first part of the work focuses on the possible existence
1 Introduction of abrupt changes in the parameters of the GPD. These abrupt
) ) o ] changes may be due to changes in the location of the ob-

Frequency analysis of hydrological series is a key point t0gepyatories and/or technological advances introduced in the
acquire an in-depth understanding of the behavior of hydroye4suring instruments. A new parameterization of the GPD
logic events. The occurrence of extreme hydrologic eventsjistrinution is suggested. Using this reparameterization, the
in an area may imply great social and economical impactSgecond part of the work examines the possible existence of
Therefore, modelling extreme values is of great interest inyangs.
all environmental studies and civil engineering. The paper is organized as follows: the Poisson-GPD oc-

This work adopts a Bayesian version of the commonly ¢ rence model and the Bayesian estimation of parameters
used point over threshold (POT) or exceedance methods. Thg e described in Se. This methodology is applied to the
occurrence of events in time are assumed to be Poisson diggrcelona rainfall series and results are shown in Sect.
tributed and the excesses over a selected high threshold are
assumed to follow a Generalized Pareto Distribution (GPD).

During the last decades, a common concern has beepd Methodology
to know whether magnitudes of hazardous events have
changed. This issue has been assessed from different poinésstandard hazard analysis approach, Point-Over-Threshold
of view, both Bayesian and frequentist. Ideas of extreme(POT), has been used to model events occurring in time and
value theory have been applied to enviromental studies, e.gheir magnitude. Rainfall events are modelled as points in
time. For each event, a magnitudé (natural logarithm
of daily precipitation) is taken as a random variable. The

Correspondence tdvl. I. Ortego assumptions are: (a) magnitudes are independent from the
BY (ma.isabel.ortego@upc.edu) point process itself; (b) they are independent from event to
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event; (c) all magnitudes have the same distribufign and In order to take account for uncertainty of the estimation
(d) the occurrence of the events in time follows a Poissonof these parameters, a Bayesian approach for the joint esti-
process. Thus, the number of evemt&u), occurring in a  mation of x andv is chosen. One of the basis of Bayesian
given arbitrary time intervak, is assumed to be Poisson dis- estimation of parameters is to assume that they are random

tributed, N («) ~ Poissorixr), variables and, then, they are described by their joint proba-
)ty bility distribution (Gelman et al.1995, before and after the
PIN () =n|r(u), 1] = ——— e W p=0,1,2,.... (1) dataacquisition. The prior densig(_ ., (x, 1, v) represents

our knowledge about the parameters before the data sample.
There are difficulties in identifying a model fafy, but  As independence of the magnitudes from the point process

the Generalized Pareto Distribution (GPD) provides a suit-has been assumed, the prior density can be written as:

able model for excesses af over a high enough threshold

x0, Y = X — xo given X > xg, (Pickands1975. This GPD  fruw @ it,v) = fi () fruw (i,v)

distribution is parametrized by a shape paramétegnd a

Using Bayes’ theorem, the posterior distribution of the pa-
scale parametes:

rameters is obtained:

_1
FY(}’|§,,3)=<1+%) E, 0<y < ysup- @)  Srno Qv v yn) =

The parametef is non-dimensional, anl has units that are C- ) fuw (s v) - L v [ Y1505 )

proportional to the units of the excessé&9.( The value of  \yhere L, ,v|y1,...,yn) is the likelihood function of

¢ defines three so-called domains of attraction (DB@i-  the excesses angh,...,y, is a sample of excesses over
son and Smith199Q Castillo et al, 2004. The Weibull DA threshold xo. ~ Therefore, the joint posterior density
corresponds to GPD's such thiak 0 andysup=—p8/§,i.€. £, (h, 1, v|y1....,y,) accounts for the uncertainty of the
the support oft , and hence o, is limited with a finite  parameters. Not only information about the parameters can
upper tail. The Fechet DA is characterized by>0 and  pe obtained from this distribution, but it is also the basis to
ysup= +00, and the support of becomes infinite. Finally, obtain the distribution of quantities of interest such as hazard
the Gumbel DA corresponds to GPD's such that 0 and  parameters, usually through simulated samples, of and

ysup= 100, the GPD takes the limit form v. Monte Carlo methods can be used in the cases where this
y joint posterior probability distribution is not easily tractable
Fy(ylE=0,8)= 1—eXp[—E}, O<y<+oo, (3) (Robert and Casell®2000. As attention is set to the ex-

istence of changes in the GPD parameters, this work ap-

which is an exponential distribution. Densities of GPD distri- proaches only the characterization of the GPD distribution,
butions of different domains of attraction show distinct fea- leaving apart the estimation of the Poisson occurrence pa-
tures {Tolosana-Delgado et aR010). rameter. Taking into account the independence between pa-

The first step in the estimation of the GPD distribution for rameters due to model assumptions, only the marginal joint
the excessed], is the selection of an appropriate reference posterior densityf,, , (i, v|y1, ..., y,) is considered:
thresholdxg. A graphical techniqueQavison and Smith
1990 Embrechts et al1997 Dupuis 1998 can be applied  fuv (VYL yn) = € fruw (4, v) - LW, V1Y, -0 Yn)
taking into account that, for GPD distributed excesses and fo(/vhereL(/L, V[y1,..., ya) is the likelihood function of the ex-

x1 > xo, the mean excess is linear with respectip(¢ < 1), cesses
B+éx1 n
E[X —x1|X =2 - 4
X —nlX=xzxl="r"7 @ Lovlyney =] Gl -

i=1
Once a suitable thresholg) has been selected, and con- l o .
sidering that this work examines the possible existence ofiowever, once the estimation of the Poisson and the GPD

trends, the parametetsand g of the GPD are considered as parameters has been performed, hazard parameters can be
a function of time. In order to parsimoniously deal with this computed easily using marked Poisson processes properties
climate variation a new parameterization of the GPD distri- (Grandel] 1997).

bution is suggested. The classical scale and shape paramete2r31 Models

of the GPD(&, B) are reformulated as a location parameter '
linked to the upper limit of the distribution, and a shape pa-

A common concern is to know whether magnitudes of haz-
rameter,

ardous events have changed in the last decades. Long data
-8B series are very appreciated in order to properly study these

n= |09<?>; v=log(~£-p). (5)  issues. The series of daily rainfall in Barcelona (1854—2006)

seems suitable to address these issues, due to its length. As
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Fig. 1. Barcelona daily rainfall series (1854-2006). Fig. 2. Graphical estimation of log-daily-rainfall reference thresh-

old: exp(3.9) ~ 50 mm.

previously stated, rainfall is taken in a log-scale as a rela-
tive scale appears to be natural. For strictly positive data, no
only for precipitation, taking log’s might be not unimpor-

tant. When using a natural scale, some modelling require- . . . . .
9 9 TeaUIer e series of daily rainfall in Barcelona is one of the longer

ments, such as goodness-of-fit or compatibility with physi- . . . : . .
: , . : continuous european instrumental daily rainfall series avail-
cal assumptions, appear to be fulfilled in an easier way than . . : o
. : able. This data base contains records of daily precipitation
when using the usual raw scale in real spdégozcue et aJ.

2008 Pawlowsky-Glahn et gl2005. On the other hand, ex- along more than 150 years (1854-2006) (Rip. although

) . longer data series of monthly precipitation (1786—2006)
cesses over athreshold are r_nqdel_led by a GPD with a I|m|te(zharing the same name is also availabartera-Escoda
maximum value {syp= —p/£ finite) in order to be consistent

. o osub 2008.

with physical limitations. C
. . ) , The POT method has been used, and a GPD distribution

First, the possible ex!stence of abrupt changes in the paﬁas been fit to excesses aver thresheid In our case, ap-
rameters of thg GPD is treateq. Thg paramgters of th%lying the mean excess graphical technique (Bjgit seems
model are considered as a function of time. Using the sug; . . .
gested new parameterization of the GPD distributianr=( that a good fit for a reference thresholdxts= 3.9, which
log(—B/&) andv = log(—£ - B)), the location parameter is corresponds to a raw daily rainfall of 50 mm approximately.
fixed, due to the limited character of the magnitude, and the (Iajllgl:r;%igr]\eo?urjgilr]efilFigggr\?;t%rrri]:s(l\?vgreieth;;t alsvoe?lee?:gsl)-
possible abrupt change of the parameters of the GPD is theﬁ;

translated into a possible abrupt change inihgarameter. CtEd_ h?S changed as shoyvn in F3g.Most of these sites
Therefore, the breakpoing is a point in time such that lied within the Barcelona built-up area, but the existence of

parts of the series recorded at the EI Prat Airport, ca. 15 km.
from Barcelona city center, points to a possible change in the
parameters of the selected distribution of daily rainfall. As
technological advances have been introduced in the measur-

whereL is a fixed length. ing instruments during this period as well, the first part of

The possible existence of trends in the GPD parameters ig,q \york focuses on the possible existence of abrupt changes
also treated. The parameters of the model are also considereg 1, parameters of the GPR(v) due to these changes of

as a function of time. Using the suggested new parameterif,.ation and/or instruments. Therefore, as previously stated,
zation of the GPD distribution the parsimonious choice is t0 e parameters need to be estimatec andAv.

consider shape as a linear function of timé,) = vg+rAv
while keeping location fixeqe(r) = no. Then, the climate
change is assessed by checking the hypothesig 0.

5 Barcelona daily rainfall series

{ v=vg, {t<to}U{t>1to+L}, ©)

v=1vo+Av, to<t<rt+L,

According to the Bayesian paradigm, previous knowledge
about the parameters has been included in its prior density.
Prior density fonyg, 7o and Av has been assumed uniform for
a wide range of values. As log-daily-rainfall is considered
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Fig. 3. Barcelona daily rainfall series (1786—2006). Location of rainfall observatories during this period.

a bounded magnitude, the domain for the@arameter has and therefore a linear trend for the spread parameter is not
been completely placed in the Weibull DA, and this charac-significant. Furthermore, if there were a trend, it would have

ter has been transmitted to the prior assumptions fowthe positive slope.

and u parameters. Through the likelihood of the log-daily-
rainfall excesses overg = 3.9 this prior assumptions have

been updated, obtaining the posterior density of the param
ters. Once the posterior density is obtained, a simulated sa

& Conclusions

™A Point-Over-Threshold approach with a new parameteriza-
gzlaemofli(r)ggge\/rf;d:ﬁgvg;osﬁg)oggenerated using the GIbbs "t the GPD distribution has been used as a model for
P ) . daily rainfall. The scale and physical features of the phe-

There IS No strong ewdencg that the m!grauo_n of the raiN, 5menon have been considered, and therefore, daily rainfall
gauge positions through the city and the airport imply impor- has been treated in a log-scale and considered as a bounded

tbant shaﬁeddmerr]encr?s (F'g)'f Onhl/ m|Id_ “S|gglflcgncze" cr?n magnitude. A long instrumental data series, the daily rain-
€ attached to the changes from locations 6 te 0.0.2), the fall Barcelona series, has been considered and a Bayesian

returr_l from 710 8 ¢ 0.1) and from_the airport (_1_0) back o approach has been used to assess the existence of abrupt
th? city (11.) ¢ 0'07).' Other suspicious transitions can be changes in the parameters of the reparameterized GPD distri-
rejected, with Ba¥e3|an P'Va'“es as large ‘QS 0 ] bution and/or trends in these parameters. No strong evidence
Next, the possible existence of trends is examined. Iyt 4 linear trend or step change in the Barcelona rainfall se-
fact, as previously presented, the interest is set in the poSyjes has been found. Although there are no strong evidences

sible slope of the spread parameterAs in the first model,  of heterogeneity, attention should be paid to the changes of
a uniform prior density of the parameters for a wide range|ocation with higher frequency of possible breakpoint, i.e.

of values has been considered. Posterior joint density OEhanges from locations 6 to 7, 7 to 8 and 10 to 11 (Bjg.
GPD parameters in the new and classical parameterizationgnqer the parsimonious hypothesis of no change of the up-

are shown in Figsand Fig6. In order to assess the existence per physical limit of rainfall, a climate change hypothesis is
of a trend, the marginal posterior density of the slope in the;, significant.

spread parametet v has been obtained, Fig. This density
shows that no clear slope is significantly different from zero,
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Fig. 4. Upper plot: histogram of posterior simulationsgf Middle
plot: positions of the known rain gauge location changes. Lower
plot: (color levels) kernel density estimate of the joint posterior dis-
tribution of (19, Av); (black lines) quantiles of the distribution of
Av conditional oryg.
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Fig. 5. Pixel map of posterior joint density for GPD parameters:
new parameterization. Parametgrandv are non-dimensional.
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Fig. 6. Pixel map of posterior joint density for GPD parameters:
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Fig. 7. Marginal posterior density for the slope in(spread). Pa-
rametern is non-dimensional.
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