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Changes in phenology (seasonal plant
and animal activity driven by environ-

mental factors) from year to year may be a
sensitive and easily observable indicator of
changes in the biosphere. We have analysed
data from more than 30 years of observa-
tion in Europe, and found that spring
events, such as leaf unfolding, have
advanced by 6 days, whereas autumn
events, such as leaf colouring, have been
delayed by 4.8 days. This means that the
average annual growing season has length-
ened by 10.8 days since the early 1960s.
These shifts can be attributed to changes in
air temperature.

Forests in cool and temperate zones are
adapted to the seasonal cycle, having a dor-
mancy period during winter that is trig-
gered mainly by seasonal variation in
temperature and light. Seasonal phases can
also be influenced by soil, water supply and
biotic factors, including genes1,2. Plants can
therefore be used as biological indicators of
changing environmental conditions, with
springtime phases being particularly sensi-
tive to temperature.

We have been analysing3 observational
data from the International Phenological
Gardens (IPG), a Europe-wide network
covering a large latitudinal (from Scandi-
navia at 69° N to Macedonia at 42° N) and
longitudinal (from Ireland at 10° W to Fin-
land at 27° E) range that has genetically
identical clones of trees and shrubs (Fig. 1).
The dates of observed phases, such as leaf
unfolding, May shoot, flowering, leaf
colouring and leaf fall, were recorded from
1959 to 1993.

We set out to apply a unified pheno-
logical model to the IPG network in order
to simulate the consequences of climatic
change. According to the model3, more 
than 70% of the interannual variability in

bud-break can be explained by daily tem-
peratures; mean absolute errors in estimat-
ing phenological data ranged between 4 and
8 days. The model showed that the onset of
spring events is sensitive to climatic change
and will advance by up to six days per 1 °C
increase in winter air temperature depend-
ing on the species, a figure similar to previ-
ous results4,5.

We also looked for trends that might
reflect global warming, so, for all phenolog-
ical records covering at least 20 years, we
calculated linear trends and their signifi-
cance according to F-test, trend/noise ratio
and the Mann–Kendall trend test. Only a
quarter of all trends are significant. Spring
phases generally show a tendency for nega-
tive trends (Fig. 2a), indicating that spring
is starting earlier in later years. Some of the
Balkan stations, in contrast, show higher
positive trends, indicating that spring is
delayed, but this is probably the result of
regional patterns of climate change. A posi-
tive (but less consistent) trend for the
autumn phases (Fig. 2b) indicates that the
beginning of autumn is gradually delayed
over the years.

Averaging all 616 springtime data series
reveals a negative trend of 10.20 days per
year, equivalent to an advance of 6 days over
30 years. Analysis of the 178 autumn data

series reveals a mean positive trend of
&0.16 days per year, which would mean a
delay of 4.8 days over 30 years. The growing
season over this period has therefore
lengthened by 10.8 days on average.

Other factors that could result in similar
trends can be excluded. Only a few of the
IPGs are situated in city areas where the
urban heat island could influence these
trends. In addition, the trends of spring
phases are not an artefact of plant ageing
because the increasing age of trees would be
expected to delay the start of spring.

Our Europe-wide results are supported
by regional studies, including a shift towards
earlier flowering of the locust tree Robinia
pseudoacacia in Hungary6 and the advance
of spring and delay of autumn revealed by
analysis of thermal seasons in Germany7.

The apparent increase of 10.8 days in the
mean annual growing season in Europe is
in accord with an analysis of satellite data
from 1981 to 1991, which estimates a global
advance of 853 days for the beginning of
the growing season and a prolongation by
452 days of the declining phase8. Our data
also confirm a reported9 advance in the sea-
sonal cycle of about 7 days that was inferred
from CO2 data taken between the 1960s and
early 1990s, with most of the effect occur-
ring after 1980.

Our phenological modelling indicates
that the changes are caused by a tempera-
ture increase, which is one of the effects of
global warming. The lengthening of the
growing season is likely to contribute to
increased biomass formation, which is part
of a global increase in biospheric activity8,9.
This increase has resulted in accelerated tree
growth across Europe, which has previously
been attributed10 to fertilization by nitrogen
compounds and CO2, but the effects of
lengthening the growing season have yet to
be quantified.
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FFiigguurree  11 Sites of the International Phenological 
Gardens (IPG).

FFiigguurree  22 Linear trends of phenological phases. Data
are for long observational series (20 years or more)
during the 1959–93 period. Orange dots, significant
at the 1% level; blue dots, significant at the 5% level;
and yellow dots, not significant at the 5% level; F-
test. a, Spring phases (including leaf unfolding, May
shoot, flowering); b, autumn phases (including leaf
colouring, leaf fall).
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