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Abstract

Variations in the occurrence of extreme precipitation are expected to result from changes in the climate. The
potential impacts of those changes on society and the environment makes it mandatory to understand
regional specificities. This work explores recent modifications in the occurrence of precipitation extremes in
mainland Portugal (south-western Europe) such as the intensity, duration and frequency of those events. It
investigates trends and variations in selected precipitation indices for different time periods and seasons.
Data include daily precipitation from 57 climatological weather stations and rain-gauges, covering the period
1941-2007. Results show that there are regional differences in patterns of precipitation trends. Moreover,
there are marked differences for trends in extremes, depending on the season, which further strengthens
precipitation seasonality.
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1. Introduction

Changes in the climate are expected to affect different climate variables, namely surface air temperature and
precipitation. Moreover, a number of components of the hydrological cycle and hydrological systems are
expected also to be affected. Changes in the water cycle are related to a large range of spatial and temporal
scales. However, significant natural variability, on interannual to decadal time-scales, in all components of
the hydrological cycle, often masks long-term trends (e.g. Bates et al., 2008; de Lima et al.,, 2010).
The uncertainty in trends of hydrological variables is furthermore enhanced by large regional differences and
limitations in the spatial and temporal coverage of monitoring networks (e.g. Huntington, 2006).

The work reported herein investigates recent modifications in the climatology of precipitation extremes
(maximum) in mainland Portugal. It explores daily precipitation data from 57 climatological weather stations
and rain-gauges covering the period 1941-2007. The study focuses mostly on variations in the intensity,
frequency and duration of extreme events. It pays special attention to regional differences and seasonality.
Modifications in the precipitation regime are studied here by inspecting trends in specific indices defined for
daily precipitation and, in particular, for extremes. These indices include threshold indices, probability indices,
duration indices and other indices. Such approach is currently being used in many studies (e.g. Klein Tank et
al., 2009).

2. Precipitation data

In mainland Portugal the precipitation climate is characterized by strong seasonality and large interannual
variability. It also exhibits very marked north-south and east-west gradients. Across the territory mean annual
precipitation varies from about 3000 mm in the north to roughly 500 mm in the southern part of the country.
This behavior is highly dominated by the effect of orography and the distance to the Atlantic Ocean.
Figure 1 shows a relief map of mainland Portugal; the highest altitude is roughly 2000 m.

For this study, daily precipitation from 57 climatological weather stations and rain-gauges (from the networks
of the Institute of Meteorology, IM, and Institute for Water, INAG) have been used. The location of the
stations in mainland Portugal is shown in Fig. 1. The selected data cover the period 1941-2007.

The selection of the data respected criteria related to the spatial distribution of the series over mainland
Portugal and data length, completeness, quality and homogeneity:

a) Completeness: Only stations with less than 1% of missing values were used;
b) Quality: Basic quality controls have been undertaken for all series; outliers were identified as having



values deviating more than three standard deviations from the climatological daily average;

¢) Homogeneity: Standard homogeneity tests (e.g. Wang et al.; 2007; Wang, 2008; Wang and Feng, 2010)
were applied to the monthly means of the daily precipitation series; the procedure used detected change-
points in the series which were checked against station metadata records (when available). Series
exhibiting evidence of discontinuities of non-climatic origin in the corresponding study period were not
used.
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Fig. 1. Relief map of mainland Portugal and location of the measuring stations used in this study.

3. Methodology

This study is conducted by analyzing trends and variations in selected specific indices for extremes derived
for daily precipitation; this is done for different time periods and for the annual and seasonal time scales.
The seasons investigated are: spring (March to May, MAM), summer (June to August, JJA), autumn
(September to November, SON) and winter (December to February, DJF). Trends were investigated for
individual stations and also for the study region (i.e. mainland Portugal) as a whole.

The indices selected for the characterization of precipitation extremes are described in Table 1 (Peterson et
al., 2001). They are related to:

i) The intensity of wet precipitation extremes in different periods; in some cases comparisons are made with
calendar day-dependent thresholds based on percentiles of daily precipitation distribution over the
1961-1990 reference period,;

i) The frequency of days exceeding certain intensity levels (i.e. thresholds) in a given period.

Time series of indices of precipitation extremes were tested for linear trends. These trends were calculated
by ordinary least squares fit; the statistical significance of the trend was evaluated using the student’s t test
and the non-parametric Mann—Kendall test (Gilbert, 1987).

The analyses were carried out for the entire 67-years period (i.e. 1941-2007) and for two consecutive sub-
periods: 1945-1975 and 1976-2007. The selection of these sub-periods was based on the (“standard”)
breakpoints obtained by Karl et al., 2000, for air temperature: 1945-1975 (cooling period) and 1976-2006
(warming period). Our justification to use these sub-periods is not that the change-point is confirmed for
precipitation in mainland Portugal (see e.g. de Lima et al., 2010); rather we are interested to exploring if the
warming is linked with changes in the precipitation regime in the territory. Theoretical and climate model
studies suggest that, in a climate that is warming due to anthropogenic influence, a greater increase is
expected in extreme precipitation, as compared to the mean (e.g. Bates et al., 2008).



Table 1. Indices of precipitation extremes.

Indices Definition Unit
Heavy and very heavy precipitation days — number of days with

R10, R20 precipitation amount >10mm and >20mm days

RX1day, RX5day gggest precipitation amount in one-day period and in five consecutive mm

R99p Precipitation due to extremely wet days (>99th percentile) mm

PRCPT Total wet-day precipitation (=1mm) mm

4. Results and discussion

Results of the analyses of trends in annual and seasonal precipitation indices are summarized in Table 2, for
the period 1941-2007. This table shows the number of precipitation series with positive and negative trends
and the corresponding number of significant trends at the 5% level.

Table 2. Trends in seasonal and annual precipitation indices in the period 1941-2007: number of
precipitation series with positive (+) and negative (-) trends and the corresponding number of significant
trends at the 5% level. The indices are described in Table 1.

Spring Summer Autumn Winter Annual
ndex |, |Sig| _|Sig|, |Sig| |Sig|, |Sig| |Sg|, |sig|_|Slg|, |sig _|Slg
R10 0 0O |57 39 |19| 1 (38| 0 |5 | 7 0 6 0 |51 0 |9 0 |48 9
R20 0 0 57 | 34 | 22 0 35 1 54 | 10 0 13 0 44 3 16 0 41 9
RX1d 3 0O |54| 20 |17| O (40| 2 |40| 8 |17| O |13| O |44| 8 |30| 3 |27| 3
RX5d 1 0 56 | 22 | 13 0 44 1 48 5 9 0 3 0 54 | 12 | 19 0 38 8
R99p 13 0 44 9 22 0 35 0 35 5 22 0 19 0 38 1 29 2 28 0
PRCPT | O 0 57 | 43 | 22 0 35 0 57 | 17 0 0 9 0 48 1 12 0 45 9

Overall, results of this study indicate that the statistical significance of changes in annual precipitation
extremes for 1941-2007 is low. No consistent pattern for trend is identified. For example, for this period,
indices RX1day and RX5day have mixed positive and negative trend signs across the territory, indicating
both increasing and decreasing tendencies in the occurrence of these events, depending on location; for
these indices the results of the trend tests are significant at the 5% level for, respectively, 10% and 14% of
the stations studied.

Figure 2 compares the trend in the precipitation on extremely wet days (above the 99" percentile) for the
sub-periods 1945-1975 (cooling period) and 1976-2007 (warming period). For 1945-1975, the decrease in
the precipitation amount on extremely wet days is statistically significant at the 5% level at 8% of the stations;
in the period 1976-2007, the mean trend over the territory is +1,2 mm/decade (result not significant at the 5%
level). Overall, the analyses of the indices selected in this work do not reveal clearly possible effects of the
climate warming on the precipitation regime in mainland Portugal.

In general, the analyses of seasonal trends in extreme daily precipitation indices (Table 2) confirm strong
seasonal variability in precipitation. Indices related to intense precipitation reveal an increasing trend in
autumn and a significant decreasing trend in spring. In summer and winter, the indices showed a decreasing
trend, but not as markedly as in the spring.

For the 5-day maximum precipitation, 40% of the stations reveal a strong decrease of this index in spring,
significant at the 5% level; in autumn, more than 80% of the stations reveal positive trends, which are
accompanied by an increase in the number of heavy and very heavy rainy days (respectively, R10 and R20)
for more than 95% of the stations. The increasing trends in these extreme precipitation indices indicate very
intense precipitation in autumn; in contrast, the same indices reveal a significant decrease in spring.
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Fig. 2. Trends (mm/decade) in the annual amount of precipitation due to extremely wet days (R99p), in the
periods 1945-1975 (left) and 1976-2007 (right). The dots are scaled according to the magnitude of the trend:
blue corresponds to increasing trends and yellow corresponds to decreasing trends.

Figure 3 illustrates the trend in the number of very heavy rain days (R20) in spring and autumn, for the
period 1941-2007. Overall, the behavior revealed by the results is similar to the previous case. The density of
stations that was used in this study does not reveal the role of the altitude in the precipitation patterns of
extreme heavy precipitation occurrences observed in mainland Portugal.
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Fig. 4. Trends (days/decade) in the number of very heavy precipitation days (R20), for the period 1941-2007,
in spring (left) and autumn (right).



5. Concluding remarks

The analyses reported in this work were conducted for precipitation indices calculated from empirical daily

data from mainland Portugal recorded over 67-years (1941-2007) in 57 measuring stations. This

investigation complements previous studies for mainland Portugal which have reported high variability in the

precipitation regime and discussed recent patterns of change (de Lima et al., 2007; Rodrigo and Trigo, 2007;

Costa and Soares, 2009; de Lima et al., 2010).

The trend tests applied to the selected time series could not detect any consistent pattern of change in

annual wet precipitation extremes for the majority of the indices used in this work. At seasonal scale, the

decreasing trend manifested by the total wet-day precipitation index, which is the precipitation due to very

wet days, is significant at the 5% level and suggest a reduction of the precipitation in the spring. Similar

results of decreasing trends in spring precipitation in mainland Portugal were also reported by other studies

(e.g. de Lima et al., 2007, 2010). The present study reveals further that extreme precipitation indices

(e.g. number of heavy and very heavy precipitation days, highest 1 and 5-days precipitation) manifested

strong negative trends in the spring over the period investigated. In contrast, the extreme heavy precipitation

has become more pronounced in autumn, both in terms of magnitude and frequency. For the other seasons

(summer and winter) results suggest that the extremes have not suffered any significant aggravation.
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