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Abstract. The purpose of this work is to investigate long term behaviour of this process. Quite often the limit-
trends in annual and monthly precipitation in mainland Por-ing factor is the short length of many existing precipitation
tugal by studying long time series. The data are fromrecords; the majority of the studies on this topic are based
ten measuring stations scattered over mainland Portugabn relatively short time series, covering a few decades, over
some of the time series date back from the 19th centuryperiods of about 40-50 years. Only a few studies report re-
Trends in these precipitation series were examined using theults for longer periods. For the Iberian Peninsula, Lionello
Mann-Kendall non-parametric trend test and the Sen’s nonet al. (2006) give an interesting review of several studies of
parametric method. Both full monotonic trends (i.e., over theprecipitation trends. Many trend studies focus on the second
record period) and partial trends were investigated. Resulthalf of the 20th century (i.e. 50 years), or even on smaller
provide no evidences for rejecting the null hypothesis of noperiods; for example, Mosmann et al. (2004), use the period
trend in annual precipitation, when a monotonic linear model1961-1990. Only a few studies cover the 20th century as a
was used. On the other hand, the analyses of partial trends iwhole. The debate about the different results that are some-
the time series identified a sequence of alternating decreasimes reported triggered the study presented here, where the
ing and increasing trends in annual precipitation, which aremain purpose is to complement previous studies for mainland
sometimes statistically significant. This type of behaviour Portugal (e.g. de Lima et al., 2007, reporting trend analysis
was also observed for the monthly precipitation. of annual and monthly point precipitation data from 1941—
2000, for 107 stations scattered over the territory) by inves-
tigating precipitation trends in mainland Portugal using the
longest records available. Furthermore, numerical models
of climate change prediction over the Iberian Peninsula (see
) ] S e.g. Miranda et al., 2006) are in need of further insight. This
The impact of climate change on precipitation is one of gy,qy explores the statistical analyses of annual and monthly

the major concerns i”_ many scientific research studies, ecipitation, searching for the presence of linear monotonic
(e.9. Wentz et al., 2007; Zhang et al., 2007). Variations inyends in the temporal structure of precipitation.
precipitation over different time-scales are expected to affect

the water resources system, in particular because precipita-

tion drives other hydrological processes (e.g. surface flow2 Precipitation data

groundwater flow). Thus, itis crucial to investigate the recent

changes in precipitation patterns that are claimed by differ-Ten precipitation data sets from mainland Portugal were
ent studies and to understand those changes as part of tistudied; the location of the measuring sites is shown in Fig. 1.
The records were obtained by the Institute of Meteorology
(IM) and the Institute for Water (INAG), of Portugal. The

Correspondence tdil. I. P. de Lima data comprised time series of annual and monthly resolu-
m (iplima@esac.pt) tions, spanning periods that range between 88 and 145 years.
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Table 1. Some descriptive statistics for the annual time series, and linear monotonic (full record period) and partial trends given by the Sen’s
estimator of the slope (mm/decade). The confidence levels for the trend tests are marked: + 90%0486d

Measuring Annual precipitation Monotonic Trends Partial Trends
Station Period Mean Coef. of Maximum Minimum  Sen’s slope Sub- Sen’s slope
(mm)  variation (mm) (mm) (mm/dec) period (mm/dec)
Lisboa 1871-2007 733.3 0.250 1421 416 —2.61 1933-1963 70.54
1963-1983 —74.40
Porto 1863-2007 1236.8 0.251 2255 604 -3.35 1947-1967 222.33
1967-2002 52.88
Coimbra 1900-1998 982.3 0.216 1651 524 —-1.75 1946-1966 204.85
1966-1992 —68.71
Evora 1871-2007 629.2 0.253 1186 346 —-3.78 1942-1981 -8.23
1981-2001 44.83
Beja 1900-2007 563.4 0.246 1042 301 —-2.92 1933-1961 67.28
1961-1981 —66.31
Lagos 1902-2006 527.4 0.302 1098 187 7.15 1941-1961 116.67
1961-1981 —105.11"
Sao Bras 1909-2002 836.8 0.306 1693 431 12.78 1935-1962 75.60
de Alportel 1962-1982 —139.24
Travancas 1914-2006 984.5 0.252 1636 499 —4.32 1940-1960 164.67
1960-1981 —78.80
Moncorvo 1878-1995 568.8 0.263 1095 253 —-3.78 1945-1965 164.60
1965-1989 —25.30
Penha Garcia 1911-1998 808.0 0.264 1597 432 —5.64 1945-1965 140.33
1965-1993 —56.33

Table 1 presents some descriptive statistics for the annugbtandard Normal Homogeneity Test, Buishand range test,
time series. Pettitt test and Von Neumann ratio test. Three of these tests
Mainland Portugal is geographically located in the transi- are able to locate the change-point.
tional region between the sub-tropical anticyclone and the The presence of trends in the long precipitation time se-
sub-polar depression zones, between latitud€992and  ries was examined using the Mann-Kendall non-parametric
36°56' N and longitudes B4 and 610'W. Its climate is  test (e.g. Gilbert, 1987). This test does not assume any par-
much influenced by the latitude, the orography and the proxtjcular form for the unknown distribution function; it is based
imity to the Atlantic Ocean. The climatic variables exhibit on ranks within the time series. The test is useful whenever
strong north-south and west-east gradients, and precipitathe possible trend (which is associated with long range per-
tion also exhibits Strong seasonal Varlablllty The dominantsistence) can be considered monotonic. The null hypothesis
climate in mainland Portugal is mild Mediterranean with a Hop of no trend (|e the observations are random|y ordered in
warm, dry summer period. These characteristics are morgime) is tested against the alternative hypothesis,associ-
pronounced in the south. ated with increasing or decreasing monotonic trends. In this
work the null hypothesis is tested at the 10, 5, 1 and 0.1%
significance level; the test was taken in its two-sided form
(see e.g. Sneyers, 1990).

This section is dedicated to giving a brief overview of the ~The Sen’s non-parametric method (e.g. Gilbert, 1987) can
methodology used in data analyses. be used for estimating the change per unit time in processes
Firstly, statistical tests were used to investigate the annualhat exhibit linear trends.

data for normality and relative homogeneity. The Shapiro- To deal with the non-monotonic character of trends in the
Wilk and the Kolmogorov-Smirnov non-parametric normal- data, the method described by Ternd Miranda (2005) was

ity tests were applied (see e.g. Royston, 1982, and Deused. It aims at fitting to a time series an unknown number
heuvels, 1981). The four tests selected to check the timef continuous straight-line segments and at defining the in-
series homogeneity are described in Wijngaard et al. (2003)stants of change in the properties of the data; see als@ Tom

3 Methodology
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Fig. 1. Location of ten precipitation measuring stations in mainland
Portugal. Fig. 2. Annual precipitation series from mainland Portugal, and
linear monotonic and partial trends. The Sen’s estimator of the slope

. of the monotonic trends over the full record periods are indicated in
and Miranda (2004). Thus, the method searches for sucl,o legend.

segments that fit the data best, in a least-square sense, while

satisfying two other conditions: a minimum time distance

between breakpoints and a minimum trend change at eacbhowed some signatures of no homogeneity. However, for

breakpoint. These two conditions are pre-set by the user. the sub-periods analyzed for partial trends (below), all the
precipitation series were categorized “useful”.

Results of the annual precipitation trend analyses are given
in Table 1 and Fig. 2. Figure 2 shows the annual time series
for selected locations, the monotonic linear trend fitting to
the data and the partial trends identified using the method
The statistics of the Shapiro-Wilk and Kolmogorov-Smirnov described by Toi@a and Miranda (2005). The statistical sig-
tests, applied to the annual precipitation time series, providedpificance of the results was assessed using the Mann—Kendall
evidences to reject the null hypothesis of normality for only test and was determined at the 10, 5, 1 and 0.1% levels (see
one data set: 3 Bias de Alportel. Table 1). Over the full time span of the records, there were no

In relation to the results of the homogeneity tests, almostevidences to reject the null hypothesis of no trend in annual
all data sets were classified as “useful”; the only exceptionPrecipitation at any of the stations.
was the data set froma® Bras de Alportel which was clas- The method used to investigate partial trends identifies
sified as “doubtful”. The classification is based on the re-times of significant change in the precipitation series. The re-
sults of the homogeneity tests at the 1% significance levekults obtained by imposing a minimum rate of change at con-
(see details on the methodology in Wijngaard et al., 2003).secutive breakpoints of 0.01 mm/year, a minimum allowed
The available metadata do not allow identifying hypotheti- interval between breakpoints of 20 years, and a minimum
cal changes in instrumentation and location of the measuringllowed length of 5 years for the first and last segments are
stations. Nevertheless, over the full record period, the datahown in Figs. 2 and 3, for annual precipitation. It is possible

4 Results

4.1 Annual precipitation
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Fig. 4. Monthly precipitation trends in the common period 1960—
1980, which corresponds roughly to a period of decreasing annual

Fig. 3. Partial trends in annual precipitation from mainland Portu- ; .
9 precip rend for most of the 10 locations studied.

gal. The breakpoints were estimated using the method proposed b
Tomé and Miranda (2005). The time series are not plotted.

4.2 Monthly precipitation

that, in certain cases, these conditions may introduce som
bias in the results; in particular, the location of the break-
points (i.e. times of significant change) can be affected.

ﬁesults of the analysis of trends in monthly precipitation are
shown in Table 2. The study of the full record period do not

As revealed by Fig. 3, the patterns of precipitation varia—s.uggeSt overall important chaqges In prec |p|tat|_on distribu-
tion over the year. The exception, which is particularly no-

tion over time have not been the same for all the data Set%able is the precipitation in March: over time Spans ranain
investigated. The very low spatial density provided by these ' precip ) ¥ ging

long time series make it difficult to evaluate the influence of from 88 to 145 years, the precipitation in March exhibits a

local factors (e.g. topographical factors) on the resuits. Thedecreasmg trend in all the ten stations investigated; for seven

plots in Fig. 3 highlight that sub-periods of increasing and of the data sets the trends are statistically significant at least

decreasing trends in annual precipitation are present in thgt the 5% level,
However, the investigation of sub-periods leads to differ-

records, and that often they alternate over time. For each&t results. An example is given in Table 2 for the period
data set two such consecutive periods were selected, and t ' ! )
P rom roughly 1960 to 1980, when a decreasing trend in an-

itude of th di tial) trend is given in Ta- . .
g:gglql i? s?u())ws ﬁgxr;?fsfgﬁenml?ﬁe(?:;ﬁ)a:]zrllys:sgé\fnnlljr; dae nual precipitation was observed. This behaviour and the sub-

: : : eriods that are indicated in Table 2 were identified by con-
pending on the period studied. Also, from data set to data Sef’j)ucting partial trend analysis of the available data (check Ta-

there are some small shifts in the corresponding breakpoints;. . .
P g b ?e 1). Please note that the selected sub-periods reported in

Nevertheless, there is a common pattern: the alternation o ble 2 ¢ Hv th ; Il the dat t hich
periods of increasing and decreasing trends in annual precip-a € < are not exactly In€ same for all Ine data sets, whic

itation. However, the length of the time series does not allow®aN explain some of the differences obtained for the rate of

for a satisfactory characterization of the frequency associate§ 22225 Iggm:g% ?;g;:?gg:gg observed at the different lo-
to this behaviour; the minimum of 20 years between break- ' . )
y For the common period 1960-1980, the monthly trends

points can be explained by one of the conditions imposed to lustrated in Fig. 4. During thi iod al ¢ all
the automatic search for times of significant change in the?r€ Hustrated n rig. 4. bunng this period aimost afl re-
ults point out to a reduction in monthly precipitation dur-

precipitation series. Please note that the first and last seqs-

ments are too short to allow for a reliable estimation of trend'"'9 mid autumn and W|pter over mainiand Portugal, which
since this estimator could easily be biased. occurred more strongly in the months of November, Decem-

ber and January. Note that not all the results are statistically
significant at the 5% level. Studies reporting changes in sea-
sonal precipitation for the Iberian Peninsula highlight that
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Table 2. Sen’s estimator of the monthly precipitation trends (mm/decade) and the respective confidence levels* 9336%6* 99% and
*#* 99.9%. The data are for the full period and for periods of negative trend in annual precipitation, which were selected for each time series
based on the breakpoints located in the partial trend analyses.

Station Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
name
Lish 1871-2007 0.89 —064 -2.83* -113 -047 —0.36 000 002 -008 -035 -029 —0.63
Isboa 1963-1983 -73.29° —35.93 ~2368  7.00 264 -364 159 000 -354 —658 —22.79 8.58
Port 1863-2007 0.84 068 -252 -089 -004 -057 -017 031 -024 —097 —0.82 1.85
orto 1927-1947 0.29 6.00 4754 244 -339 -517 -961 -3.19 -14.91 7.64 —20.75 —53.41
Coimb 1900-1998 4.13 1.25 —6.4T* —0.10 2.10 002 -025 -0.17 -058 079 -110 -1.02
oimbra 1966-1992 —42.24 2850  —11.80 10.69 —22.75 —191 -033 200 -2.62 1854 -9.38  13.05
e 1871-2007  —0.07 —0.63 215 -085  -0.77 —045 0.00 0.00 0.21 032 -124 —007
vora 1942-1981 266 16.42  —1411" —3.68 0.30 3.50 0.00 —0.05 1.06 -267 -559 —4.00
Bei 1900-2007 019 -081 —325* 017 -054 —026 0.00  0.00 0.05 144 —151 0.33
€ja 1961-1981 -14.89 —6.37 1353 358 6.13 -11.33 017 010 —458 322 3244  17.79
. 1902-2006 0.18 —0.08 115 074 -007 -0.11F 0.00 0.00" 0.00 1.66  —0.70 1.33
agos 1961-1981 —40.62 939 -291* 598 -18 -455 000 000 -191 -3.10 -49.08 —14.19
S0 Bras 1909-2002 435 —2.88 516 142 1.00 0.00 0.00* 0.00* 1.18%* 095 116 892
de Alportel  1962-1982 -56.14 -28.07  -20.73 310 -2.38 -11.97 022 0.0 2.00 —14.15 —3354 1381
. 1914-2006  -1.56 -2.97  -530f -1.13  —0.49 —1.20 0.06 0.92 0.48 7.00  -1.18 —4.36
ravancas  1950-1981 —24.17 0.80  —2320 -1.94 2252 058 156 -040 -1050 -7.14 -5800 —3.81
" 1878-1995 0.32 012 -203 -099  -053 0.13 000 000 -057 -156 —152 —0.14
ONCONVO 19651089 —25.47" —15.52 1477 1225 —3.92 3.49 0.00  0.00 0.02 3.72 518  18.10
1911-1998 2.72 0.74 —10.90**  0.06 1.75  —0.40 0.00  0.00 0.00 007 -0.14 0.00

PenhaGarcia 1965 1993 3520 —26.29 739 725 0.04 —3.84 0.00  0.00 005 1277 —253 7.97

the results in terms of increasing and decreasing trends are The findings in this study stress that when long records are

influenced by the period analyzed and geographical locationavailable, the characterization of trends based on a mono-

which shows that local factors can play an important role intonic (linear) model can be of intrinsic interest but, at the

the behaviour observed. same time, can be meaningless for the evaluation of the be-

Overall, these results suggest that the distribution of pre-haviour of the process in the near future. However, the anal-

cipitation over the year changes over time. When the data/ses of short precipitation records consisting of only a few

from the particular months were investigated for partial decades, can be biased by the period studied.

trends, results exhibited an overall presence of alternating de-

creasing and increasing trends, which is a type of pattern thaAcknowledgementsThis work was carried out under research

was also observed for annual precipitation. project PTDC/GEO/73114/2006, funded by the Portuguese Foun-
dation for Science and Technology of the Portuguese Ministry of
Science, Technology and Higher Education (Lisbon, Portugal).

5 Conclusions The authors thank Spyros Athanasatos for his thoughtful support
regarding this publication.
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