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Introduction

481 stations in Europe were analysed with the STARDEX diagnostic extremes software to
determine changes in extreme rainfall and temperature over the period 1958-2000. Data were
compiled by Fundación para la Investigación del Clima (FIC) as part of STARDEX
deliverable 3 (D3).

The following parameters were used:

rainday threshold = 1mm
base period for calculation of normals = 1961-1990
Minimum no. of raindays for percentile calculation = 10
minimum non-missing data = 80%

A summary of the results is given in tables 1 and 2. Table 1 shows the linear (least-squares)
trends of each of the indices averaged over all the stations for each season, including annual
results. Table 2 shows the proportion of stations where the linear trend in each of the indices
is positive.

A more details discussion of the observed changes can be found in Haylock and Goodess
(2003).

Rainfall

In general there are spatially coherent regions of both increases and decreases in extreme
rainfall. In DJF stations in central Europe, the UK and Scandinavia have shown an increase in
extreme rainfall while other regions have decreased. In JJA many indices show four NW-SE
oriented regions of coherent change: positive trends across northern Scandinavia and Russia;
negative across the UK and NE Europe; positive through SW Europe and negative across the
northern Iberian peninsula.

prec90p: 90th percentile of rainfall from raindays

In DJF, a large area of increase over most of central Europe, the UK and Scandinavia
contrasts with decreases over eastern Europe, Greece and the western Iberian peninsula.
Increases up to 0.55mm/year are slightly stronger than the decreases, with an average trend of
0.02mm/year over the entire region.

In JJA there is a general NW-SE banding of trends: positive across northern Scandinavia and
Russia; negative across the UK and NE Europe; positive through SW Europe and negative
across the northern Iberian peninsula. Lack of sufficient raindays in Mediterranean regions
means results are not available for these stations.
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641CDD: maximum consecutive dry days

In DJF there is a general increase in the southern part of the region and a decrease in the
north. Increases are generally stronger than decreases with a maximum of 0.46 days/year and
an average over the entire region of 0.02 days/year.

JJA shows a less coherent signal, but with most of the central part of the region, including
southern Scandinavia and the UK, showing an increase. The average for all stations is 0.03
days/year.

644R5d: maximum 5-day rainfall total

DJF shows a reasonably coherent decrease in the south and an increase in the central and
northern parts of the network. Increases up to 2.1 mm/year outweigh decreases giving an
average of 0.05 mm/year.

Similar to prec90p, the JJA trends show a NW-SE coherent banding. An average of 0.01
mm/year reflects the almost equal number of stations showing increases and decreases.

SDII: Simple daily intensity index (rain per rainday)

In DJF, there are generally increasing trends over central Europe, the UK and Scandinavia
and decreasing trends over the southern and eastern parts of the region. The strongest
decreases have occurred over the western Iberian Peninsula. The greater number of stations
showing an increase is apparent in the average of 0.01 mm/day/year.

JJA shows a similar banding as prec90p. Strongest changes have occurred over the southern
part of the region with decreases over the western Iberian Peninsula and increases over
western Greece. An almost equal number of stations showing increases and decreases is
reflected in an average near zero.

691R90T: proportion of total rainfall from events above the 1961-1990 90th

percentile

In DJF the largest coherent changes have occurred in a region of increase over central Europe,
the UK and Scandinavia. Most of the remainder of stations show smaller decreases apart from
eastern Spain where most stations have increased.

JJA trends show similar banding to prec90p. Stations show increases and decreases up to 0.1
%/year with an average of close to zero.

692R90N: no. of events above the 1961-1990 90th percentile

Similar to other rainfall indices, the number of extreme events has increased over most of
central Europe, the UK and Scandinavia in DJF. Southern and eastern stations have mainly
decreased. Increases and decreases range in magnitude up to 0.19 days/year with an average
of 0.01.

JJA shows the largest changes have occurred in the central and northern parts of the region,
with increases in the north and decreases in the centre. Magnitudes are generally lower than
for DJF with the highest being 0.1 days/year and an average close to zero.



STARDEX

3

Temperature

tmax90p: 90th percentile of maximum temperature

Extreme maximum temperatures have increased over most of the region apart from the SE
including stations in Greece and the Baltic region. The largest increase is 0.12 oC/year with an
average of 0.03 oC /year

JJA shows more stations have shown a decrease in extreme maximum temperatures than for
DJF, especially in eastern Europe, Russia and northern Scandinavia. This is reflected in the
lower average of 0.02 oC /year.

Tmin10p: 10th percentile of minimum temperature

Extreme minimum temperatures have increased to a larger degree than maximum
temperatures, having increased over the entire region apart from small decreases in parts of
Greece, the Iberian Peninsula and Scandinavia. The largest increase is 0.21 oC /year with an
average of 0.05 oC /year.

JJA shows increases over most of the region with small regions showing decreases. The
generally smaller warming than DJF is reflected in the average of 0.02 oC /year.

125Fd: Frost days

Frost days have decreased over most of the region apart from a few groups of stations in the
southern part of the region. The largest decreases are up to 0.8 days/year with an average of
0.17 days/year.

Sufficient frost days for trend calculations in JJA only occur in the alpine and northern parts
of the region, with most stations showing a decrease. The average is a decrease of 0.02
days/year.

144HWDI: Heat wave duration index

DJF shows increases over most of the region apart from a few stations in the south. The
maximum increase is 0.50 days/year with an average of 0.12 days/year.

In JJA, most of central Europe has exhibited an increase in this index while stations in
northern Scandinavia have seen a decrease. Increases are generally stronger than decreases,
with magnitudes up to 0.27 days/year and an average of 0.03 days/year.
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Tables

Index DJF MAM JJA SON ANN

tmax90p 0.0324 0.0218 0.0203 -0.0003 0.0183

tmin10p 0.0469 0.0475 0.0182 -0.0112 0.0379

125Fd -0.1661 -0.1062 -0.0209 -0.0026 -0.2829

144HWDI 0.1240 0.0462 0.0336 0.0042 0.1916

prec90p 0.0188 0.0078 0.0099 0.0113 0.0102

641CDD 0.0234 -0.0033 0.0284 -0.0184 0.0189

644R5d 0.0461 0.0416 0.0116 0.0998 0.0841

646SDII 0.0075 0.0026 0.0011 0.0059 0.0038

691R90T 0.0009 0.0006 0.0002 0.0006 0.0005

692R90N 0.0129 0.0068 0.0025 0.0108 0.0268

 Table 1: Average trends of 481 stations

Index DJF MAM JJA SON ANN

tmax90p 0.8836 0.8004 0.7817 0.4844 0.7942

tmin10p 0.9106 0.8794 0.8337 0.4116 0.8690

125Fd 0.1381 0.1501 0.2537 0.5011 0.1569

144HWDI 0.8904 0.7549 0.7022 0.5735 0.8442

prec90p 0.6736 0.6133 0.5573 0.6367 0.6549

641CDD 0.5260 0.5114 0.6570 0.4137 0.4948

644R5d 0.6216 0.6029 0.4802 0.6778 0.6216

646SDII 0.6549 0.6071 0.5364 0.6258 0.6528

691R90T 0.6445 0.5904 0.5426 0.6299 0.6237

692R90N 0.5884 0.5884 0.5031 0.6570 0.6071

Table 2: Proportion of stations showing an increase


