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Abstract
The ’Cherry Tree Phenology’ is an analysis of phenological cherry tree flowering observations.
The data covers the extended Swiss Plateau region from Alps to the Basel area. The 280-year
composite series includes a set of 14 different records of the ’flowering of the cherry tree’ from
1721–2000. The contributions consist of observations from phenological networks as well as
records by independent observers.
This interdisciplinary study includes methods from phenological biology, plant physiology,
climatology and history. The influence of global and climate change processes on the flowering
dates of the cherry tree blossoms are described from different perspectives. In particular, the
relation of pre-flowering mean temperature and the flowering date is assessed.
When available, observations from phenological networks were averaged into yearly mean
flowering dates in order to remove microclimatic and cultivar specific differences. A comparison
between the yearly mean dates of the network observations and independent observations show
that the series are well correlated for the 1951/1978–2000 period. Correlation coefficients range
between r = 0.78 and 0.91. Mean and single flowering dates from 1721 to 2000 were corrected
for altitude to a reference level of 550 m a.s.l. which is the median station height of the Swiss
Phenological Network in the study area. The dates were adjusted by + (-) 2.5 days per 100
meters below (above) the reference altitude.
The most important environmental impact factor for the cherry tree flowering date is temperature. For the 1951–2000 period, the most influential pre-flowering mean temperature period
was assessed by comparison of the flowering date with monthly and seasonal means at the
representative station (Zürich-SMA). A comparison of monthly and combined monthly mean
temperatures with the flowering date revealed that the February–April period were highest
correlated (r = – 0.82). The correlation is even higher with a subperiod of the Liestal-Record (r
= – 0.88). The negative sign describes the inverse physical dependance of the flowering date
from temperatures. Thus, warmer mean February–April temperatures result in an earlier
flowering date and vice versa.
Based on this relationship a linear regression model, calculated from a predictor set of European monthly mean temperatures, was used to predict the annual flowering date. The
correlation coefficient in the calibrating period 1951–1995 was r = 0.84. The comparison of
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the observed and reconstructed flowering date for the 1721–1995 period revealed a high common variability (r = 0.61). Systematic differences before 1900 can be attributed to differences
in the definition of the phenological phase. The longterm mean of the observed flowering date
1721–2000 is April 21 (day of year 111) with a standard deviation of approximately ten days.
For the reconstrucuted series 1721–1995 the mean flowering day is on April 26 (day of year
116) with a standard deviation of five days.
In order to assess the quality of the observation series, subperiods of the contributing records
were compared with the statistical reconstruction. Correlation analysis was applied to compare variability. Coefficients range from 0.38 to 0.91. Systematic differences are revealed by
comparing mean values for the 14 subperiods. In addition, suprasegmental comparison was
assessed by moving correlation analysis with a 31-year time window. Even though significant
at 99 % level during the whole study period, three time windows showed a systematic lower
moving correlation coefficient. Whereas the lower correlation during the 1827–1845 period can
be attributed to unprecise observations, the other two periods (1755–1765, 1885–1895) seem
to reveal a lower dependency of the flowering dates on spring temperature.
Systematic differences between observed and reconstructed was additionally assessed with
historical source analysis. It is shown that metadata such as biographical notes of the observer
and detailed place and phenological phase descriptions, can explain some of the bias in the
series.

Zusammenfassung
Die Diplomarbeit ’Kirschenblüten-Phänologie – Interdisziplinäre Untersuchungen von phänologischen Beobachtungen des Kirschbaums im Schweizer Mittelland und angrenzenden
Gebieten und ihr Zusammenhang mit Klimaveränderungen’ stellt die zur Zeit längste homogenisierte Reihe von phänologischen Beobachtungen der Kirschenblüte im Schweizer Mittelland. Zum ersten Mal werden 14 unterschiedliche Teilperioden zu einer 280-jährigen Reihe
für den Zeitraum 1721–2000 zusammengestellt. Die Arbeit berücksichtigt dabei Notizen aus
Beobachtungstagebüchern von Bäckern, Pfarrherren und interessierten Laien. Die Beobachtungen kommen von individuell aufzeichnenden Einzelpersonen, in der neueren Zeit aber auch
von phänologischen Netzwerken.
Die interdisziplinäre Arbeit wendet Grundlagen der phänologischen Pflanzenbiologie sowie
Methoden der Klimatologie und der Geschichtswissenschaft an.
Damit können die
Auswirkungen von Klimaveränderungen auf die Kirschenblüte aus verschiedenen Perspektiven beschrieben werden. Bei dieser Arbeit stehen insbesondere die der Blüte vorausgehenden
Spätwinter- und Frühlingstemperaturen im Mittelpunkt. Ein einleitendes Kapitel bietet einen
Überblick über die Literatur der jeweiligen Fachgebiete.
Die lange Beobachtungsreihe der Kirschenblüte besteht aus 14 unabhängigen Teilperioden.
Für zwei Teilperioden stehen Netzwerkbeobachtungen zur Verfügung, die zu einem jährlichen
Mittelwert zusammengefasst werden. Damit werden mikroklimatische und sortenspezifische
Unterschiede vermindert. In der Periode 1951–2000 können die jährlichen Mittelwerte mit
einer unabhängingen Einzelreihe (Liestal) verglichen werden. Ausserdem stehen ab 1978
Einzelbeobachtungen aus Grossaffoltern (BE) und ab 1989 aus Uzwil (SG) zur Verfügung.
Korrelationskoeffizienten zeigen Ähnlichkeiten in der Variabilität zwischen den unkorrigierten
Mittelwert- und den Einzelreihen (r = 0.78 bis 0.91), wobei letztere grössere Extremwerte
aufweisen. Systematische Unterschiede in den jeweiligen Reihen können regionalklimatisch und
auf Grund der jeweiligen phänologischen Phasendefintion erklärt werden. Infolge der Höhenabhängigkeit der Kirschenblüte werden die Einzelbeobachtungen auf das Referenzniveau der
mittleren Beobachtungsstation des Schweizerischen Phänologischen Netzwerkes (550 m ü. M.;
21 Stationen) referenziert und mit einem Höhengradienten von 2.5 Tagen pro 100 Höhenmeter
korrigiert.
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Die der Blüte vorausgehende Temperatur ist aus pflanzenphysiologischer Sicht der wichtigste,
die Kirschenblüte beeinflussende Umweltfaktor. Für die Periode 1951–2000 wird die entscheidende Zeitperiode durch den Vergleich der Kirschenblüte mit unterschiedlichen Monats- und
kombinierten Monatsmitteltemperaturen bestimmt. Die durchschnittlichen Februar–April–
Temperaturen ist mit der Mittelwertskurve (r = – 0.82) und der Liestal-Reihe (r = – 0.88)
am stärksten korreliert. Das negative Vorzeichen weist auf den physikalischen Zusammenhang
von Blüte und Temperatur hin. Demzufolge erscheint die Kirschenblüte früher in Jahren mit
hohen Februar–April–Durchschnittstemperaturen, während sich in kalten Jahren die Blüte
eher verspätet.
Aufgrund dieser Zusammenhänge kann eine lineares Regressionsmodell erstellt werden, das
die Kirschenblüte (Prädiktand) aus europäischen Monatsmitteltemperaturen (Prädiktoren)
für den Zeitraum 1721–1995 schätzt. Der Korrelationskoeffizient zwischen beobachteten und
rekonstruierten Kirschenblüten für die Kalibrierungsperiode beträgt r = 0.84. Über die ganze
Periode 1721–1995 beträgt der Korrelationskoeffizient r = 0.61. Systematische Unterschiede in
den beiden Reihen vor 1900 liegen in den Differenzen in den Definitionen der phänologischen
Phase begründet. Das mittlere Datum der beobachteten Kirschenblüte 1721–2000 ist am
21. April (doy 111), die Beobachtungsreihe zeigt eine Variabilität von s = 10 Tagen. Für
das rekonstruierte Datum 1721–1995 liegt der Mittelwert am 26. April (doy 116) mit einer
Standardabweichung von 5 Tagen. Extreme Ereignisse sind in beiden Reihen festzustellen,
wenn auch nicht immer zeitlich übereinstimmend und in der beobachteten Reihe mit grösserer
Häufigkeit.
Die Qualität der langen Beobachtungsreihe wird für alle Teilperioden im Vergleich mit der
statistischen Rekonstruktion beschrieben. Die Korrelationsanalyse dient dabei zur Erfassung
von Variabilitätsunterschieden. Die Koeffizienten reichen von r = 0.38 bis r = 0.91 (n von 6 bis
57 Jahren), wobei zehn von 13 Koeffizienten ein Signifikanzniveau von 95 %, neun von 99 %
erreichen. Systematische Unterschiede können mit der Beschreibung von Mittelwertsdifferenzen erklärt werden. Gleitende Korrelationskoeffizienten über ein 31-jähriges Zeitfenster dienen
zur Bestimmung der klimatischen Einflüsse auf den Blühbeginn der Kirsche. Die langjährige
Reihe zeigt, dass alle Werte innerhalb des 99 % Signifikanzbereichs liegen, der mit Hilfe von
Monte Carlo Simulationen bestimmt worden ist. In drei Zeitfenstern liegt der gleitende Korrelationskoeffizient aber tiefer: Während das Zeitfenster 1827–1845 auf schlechtere Beobachtungsqualität zurückzuführen ist, scheint es möglich, dass die beiden anderen Teilperioden
(1755–1765, 1885–1895) auf einen geringeren Einfluss der Temperatur auf die Kirschenblüte
zurückzuführen sein kann.
Viele Unterschiede zwischen der beobachteten und rekonstruierten Kirschenblütenreihe können mit Hilfe der historischen Originaldokumenten und den aus der Quellenanalyse stammenden Informationen erklärt werden. Es zeigte sich, dass Metainformationen Verständnislücken schliessen können.

Preface
’These impacts are leaving a ’sweaty fingerprint’ over the whole of Earth’s natural systems,
[. . . ]’. (Powell 2003)
In the course of the past twenty years, the changing climate has grown to a matter of daily
discussion. Visible proof of changes in the climate system is seen in changes in the familiar,
surrounding environment: Snow drops bloom earlier in our backyards, pieces of the ’Matterhorn’ tumble down. During the work of this masters project, we experienced the earliest leaf
bud break of the chestnut tree in Geneva. For the first time on record, this event was recorded
at the end of December announcing the beginning of spring before the new year and the winter
had even started.
Interdisciplinary research in biology, climatology and history has revealed that phenological
observations – observations of life cycles of plants and animals – cary valuable information
about ecosystems and their changes with time. Methods of every discipline involved contribute
to a better understanding of the changes. In connection with the growing interest in global and
climate change in recent years, phenology has been rediscovered as a research field ending the
period of phenology as a ’pastime of little scientific’ value, as Annette Menzel (2003) declared.
Tim Sparks reconsidered that phenology, the ’once harmless activity of a select few country
gentlemen and clerics’, has now taken a new importance (Menzel 2002).
Even though many of these single results are statistically significant, the environmental influences can not be assessed in their whole complexity. A growing number of empirical studies
are helping to explain the connections between ecosystem processes, but all the information
stored in plants and animals is still poorly understood. Therefore it is desirable to gain a better
understanding of the development of ecosystems. Plant phenology seems to be a promising
and powerful tool to work towards achieving this goal and to understand how the ’sweaty
fingerprint’ leaves its mark.
This diploma thesis would never have grown to the result as it is presented here without the
support of many. Looking back on two years of developing the topic, gathering data and
methods, analysing original sources, reading interpretations and writing the final paper, I
would like to thank all the people who supported the project and contributed to the contents
of the work. First of all, there are the observers. As the analysis showed, much of the climatic
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information directly depends on the skills and careful notes of these men (I have not come
across one woman’s notebook. . . ). This is neither a contemporary notion of ’back-to-thenature naturalists’ nor is it an activity of the historical past. Thanks for providing me with
unpublished data go to the observers Christian Röthlisberger, Grossaffoltern, and Markus
Eugster, Uzwil (SG) as well as to Bernard Clot at MeteoSwiss.
The analysis of the observations that is the subject of this diploma thesis was supported by
my supervisors throughout the work. Heinz Wanner, Professor of geography and climatology
at the University of Bern, supported the idea of an interdisciplinary thesis from the beginning
and opened the door to the scientific research community. As an infinite source of input and a
provider of many fruitful ideas, Christian Pfister, Professor of history at the University of Bern,
gave the initial idea to the project. Based on observations of the ’Euroclimhist’-databank the
historical part grew with a growing number of newly recorded observations. With inspiring
energy, he pointed at the useful fields of study of a homogenised phenological record from the
very first meeting. Dr. Claudio Defila, head of the department of bio- and environmental
meteorology at MeteoSwiss in Zürich, provided me not only with recent phenological data
but also pointed out potential pitfalls concerning the interpretation and overinterpretation of
phenological records. Dr. François Jeanneret, leader of Phenotop-Group at the University of
Bern, supported the project in the background and opened the view onto the international
phenology community.
Jürg Luterbacher contributed his experience in statistics and reconstructed the flowering dates
from temperature data. In addition, he served as the first proof reader of the draft and
contributed his ideas to the work. The whole Klimet-group, research group in climatology
and meteorology at the University of Bern, provided the needed mental support as well as
hardware and software inputs: Thanks to Nicolas Schneider for help with mapping and word
processing, to Carlo Casty, Erich Fischer, Reto Burkard and Werner Eugster for crucial advice
with statistics software and strange Unix encounters. Paul Della-Marta checked the English
draft version and improved a number of language deficiencies.
In addition, thanks go to Andreas Buser, Sissach, for the information about the Liestal observation site and record, to Urs Dietrich and Max Burri for historical data from the ’Euroclimhist’databank, to Ruth Ammann and Guido Poliwoda for critical comments on historical methods,
to Elisabeth Bachmann for the Haiku-literature and to Roland Schuler for proof reading. Especially, I want to thank my parents, my brother and my friends who supported me and helped
to make the project come true.
I dedicate this diploma thesis to the people mentioned above who all contributed in their very
own way to this project.

Contents
Abstract

I

Zusammenfassung

V

Preface

VII

Table of Contents

IX

List of Figures

XIII

List of Tables

XV

Abbreviations

XVII

1 Introduction
1.1

1.2

1

Phenology – Climate – History . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

1.1.1

Definitions and Overview . . . . . . . . . . . . . . . . . . . . . . . . . .

2

1.1.2

Phenological Observations . . . . . . . . . . . . . . . . . . . . . . . . . .

4

Climate and Phenology

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8

1.2.1

Phenological Trends and Global Change . . . . . . . . . . . . . . . . . .

8

1.2.2

Phenological Trends and Climate Change . . . . . . . . . . . . . . . . . 12

1.2.3

Relation to Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.2.4

Relation to Air Pressure Systems and Circulation Patterns . . . . . . . . 17

1.3

History and Phenology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

1.4

Biology and Phenology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
1.4.1

Plant Physiology Aspects of the Cherry Tree Prunus avium . . . . . . . 22

1.4.2

Cherry Trees and Climate Parameters . . . . . . . . . . . . . . . . . . . 26
IX

X

CONTENTS

2 Objectives

29

3 Data and Methods

31

3.1

3.2

Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
3.1.1

Study Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.1.2

Phenological Observations . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3.1.3

Climate Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.2.1

Compilation of the Cherry Tree Observation Series . . . . . . . . . . . . 40

3.2.2

Selection of Temperature Data . . . . . . . . . . . . . . . . . . . . . . . 41

3.2.3

Comparison of Temperature and Flowering Date . . . . . . . . . . . . . 42

3.2.4

Statistical Reconstruction of the Cherry Tree Flowering Date . . . . . . 42

3.2.5

Comparison of Observed and Reconstructed Flowering Dates . . . . . . 43

4 Results
4.1

4.2

45

Processing and Comparison of Phenological Observations . . . . . . . . . . . . . 45
4.1.1

Calculation of Mean Series . . . . . . . . . . . . . . . . . . . . . . . . . . 45

4.1.2

Comparison of Different Phenological Observations . . . . . . . . . . . . 48

Compilation and Reconstruction of Phenological Series . . . . . . . . . . . . . . 51
4.2.1

Compilation of a Composite Observation Series . . . . . . . . . . . . . . 51

4.2.2

Comparison of Phenological Observations with Temperature Data . . . . 52

4.2.3

Statistical Reconstruction of the Flowering Date . . . . . . . . . . . . . 55

5 Discussion
5.1

59

Network versus Independent Observations . . . . . . . . . . . . . . . . . . . . . 59
5.1.1

Observation Quality – Comparison of Subperiods . . . . . . . . . . . . . 60

5.1.2

Climate Impact – Moving Correlation Analysis . . . . . . . . . . . . . . 68

5.2

Historical Records and Climate Change . . . . . . . . . . . . . . . . . . . . . . 70

5.3

Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

6 Summary and Conclusions

75

Bibliography

79

CONTENTS

XI

Appendix

89

A Additional Observer and Observation Informations

91

B Data table – Flowering Dates of the Cherry Tree

95

List of Figures
1.1

Influencing factors on plant growth and phenology . . . . . . . . . . . . . . . .

2

1.2

Observations of the cherry in Japan 705–1864 . . . . . . . . . . . . . . . . . . .

5

1.3

Phenological calender . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8

1.4

’Fingerprints of global change’ in meta-analyses of multispecies datasets . . . .

9

1.5

Trends of phenological phases at International Phenological Gardens 1959–93 . 13

1.6

Anomalies of the apple blossom and the average temperatures in Germany . . . 14

1.7

Spring flowering index and temperatures with deviations from the means 1973–
1996 for Edmonton, Alberta, Canada . . . . . . . . . . . . . . . . . . . . . . . . 16

1.8

Plot of Cherry Tree Festival dates in Japan . . . . . . . . . . . . . . . . . . . . 17

1.9

Historical record 1859 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

1.10 Full flowering cherry tree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
1.11 Flower bud and flower of a cherry tree . . . . . . . . . . . . . . . . . . . . . . . 25
1.12 Phenology of different cherry tree cultivars . . . . . . . . . . . . . . . . . . . . . 26
3.1

Topographical map of Switzerland with phenological observation sites

3.2

Map of the sites for the composite observation series . . . . . . . . . . . . . . . 35

3.3

Map of the sites for additional observations . . . . . . . . . . . . . . . . . . . . 37

3.4

Example of a figure in a phenological guidebook . . . . . . . . . . . . . . . . . . 39

4.1

Location and number of Swiss Phenology Network 1951–2000 . . . . . . . . . . 46

4.2

Number of observations from the Bernese Network of Forest Phenological Observations 1869–1882 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

4.3

Series of observations of the Swiss Phenological Network . . . . . . . . . . . . . 48

4.4

Comparison of different phenological observations 1951/1978–2000 . . . . . . . 49

4.5

Comparisons of different phenological observations at Schaffhausen 1880–1940 . 50
XIII

. . . . . 32

XIV

LIST OF FIGURES

4.6

Composite phenological observation series 1721–2000 . . . . . . . . . . . . . . . 52

4.7

Comparison of the flowering date at Liestal and February–April temperatures
at Zürich 1951–2000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.8

Comparison of the flowering date and February–April temperatures 1721–1995 . 54

4.9

Model Performance (RE statistics) and number of predictor stations for the
statistical reconstruction of the cherry tree flowering date . . . . . . . . . . . . 56

4.10 Statistical reconstruction of the flowering date 1721–1995

. . . . . . . . . . . . 57

4.11 Comparison of the observed and recontructed flowering date 1721 to 1995 . . . 58
5.1

Comparison of the observed and recontructed flowering date 1721 to 1995 with
subperiods and correlation coefficients . . . . . . . . . . . . . . . . . . . . . . . 62

5.2

Cherry tree flowering date and February–March mean temperatures . . . . . . . 66

5.3

Comparison of all available observations and reconstruction 1951–2000 . . . . . 67

5.4

31-year moving correlation coefficient . . . . . . . . . . . . . . . . . . . . . . . . 69

List of Tables
3.1

Data for the composite series of cherry tree flowering date . . . . . . . . . . . . 34

3.2

Data for additional cherry tree flowering dates . . . . . . . . . . . . . . . . . . . 38

3.3

Pearson correlation coefficients between the flowering of cheery tree and different preceding temperature periods . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.1

Correlation coefficients of independent phenological observation series . . . . . . 50

5.1

Comparison of mean flowering dates between subperiods observation and statistical reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

XV

Abbreviations
AD
AO
BC
CCA
doy
EOF
GCM
IPG
m a.s.l.
NAO
NAOI
RE
SLP
SMA
SMB
US IBP

Anno Domini
Arctic Oscillation
Before Christ
Canonical Correlation Analysis
Julian days of the year (January 1 = 1)
Empirical Orthogonal Function
Global Circulation Model
International Phenological Gardens
meters above sea level
North Atlantic Oscillation
North Atlantic Oscillation Index
Reduction of Error statistics
Sea Level Pressure
Schweizerische Meteorologische Anstalt
(former name of MeteoSchweiz)
Swiss Meteorological Observations
(Schweizerische Meteorologische Beobachtungen)
United States International Biological Program

XVII

XVIII

Chapter 1

Introduction
This chapter introduces the reader to the interdisciplinary field of historical phenology. It
will give an overview of the contributing disciplines. The first section presents definitions and
an overview of phenological research from the literature. The development of the definition
of phenology is presented as well as phenological observations from networks and historical
sources. The following section outlines different approaches of the use of phenology. It focuses
on phenology as an indicator for studies in global and climate change. One focus lies on the
relation of phenological observations with temperature and pressure systems. The section
’History and Phenology’ shows the status of phenology in historical research and briefly summarises quantitative methods in historical research. Furthermore, specific historical methods
are presented. Section four highlights physiological aspects of the cherry tree Prunus avium.
The introduction will lead to the objective chapter where the main research questions are
presented.

1.1

Phenology – Climate – History

Figure 1.1 depicts the cherry tree symbolically in its environment. Influences are manifold
and describe the complexity of factors that affect growth and development of a single plant,
plant societies and plants as a part of the ecosystem. Characteristics such as the genom and
the age of the individual plant influence the phenology of a plant. Furthermore, properties of
the soil, such as its composition, water availability, flora and fauna affect the plant’s growth.
Biological processes including diseases and natural competition play an important role in the
individual development of plants. Eventually, atmospheric factors influence the growth of a
plant. The length of the photoperiod, insolation, is the most influential parameter for plant
growth. In addition, longterm climatic caracteristics of temperature and precipitation define
the growth of a plant. During the annual life cycle of a plant, weather situations strongly
influence the development of a plant. This includes the conditions of the actual vegetation
1
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period as well as the conditions during the previous resting period and further the previous
vegetation period.
This study will focus on the influence of three atmospheric parameters climate, weather and
microclimate. Weather describes the state of the atmosphere at one site. In a broader sense,
it also describes the atmosphere over the course of several days at synoptic space scales.
Climate, on the other hand, describes weather integrated over a reference period. It is a
statistical construct of mean weather at a certain place. The sum of the factors mentioned
above contribute to changes in phenological phases that are described in the following section.

Weather of the present
vegetation period
Weather during the
resting period

Natural and anthropogenic
pollutants

Weather

Weather of the previous
vegetation period

Fertilizer,
Cultivation

Climate

Plant

Insolation

Varmints
Genotype

Temperature
Precipitation
Soil hydrology
Soil flora

Soil

Soil fauna
Soil minerals

Figure 1.1: Influencing factors on plant growth and phenology including plant internal processes, impacts of weather, climate and soil (after Defila 1991).

1.1.1

Definitions and Overview

The modern definition of ’phenology’ has been developed over the last century and a half.
The little known Belgian botanist Charles Morren proposed the term for the first time in 1853
(Schnelle 1955). It is derived from the Greek word ’phaenesthai’ with the English meaning
’to appear’. Phenology as a scientific discipline analyses phenological phases, which are regularly reoccuring events in plant and animal life cycles. Phenological phases can also refer to
parameters of the physical environment such as the date of ice break or the beginning of the
snow cover. In temperate zones, the occurence of such events is generally cyclical following
the seasons of the year.
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The ’father’ of modern plant phenology and phenological observation networks is the Swedish
botanist Carl von Linné. He established the first phenological network in Sweden in the middle
of the 1700s and outlined in Philosophia Botanica (1751) methods for compiling annual plant
calendars of phenophases such as leaf opening, flowering, fruiting, and leaf fall together with
meteorological observations ’so as to show how areas differ’. Linné asked for clear descriptions
of the observed events and precision in observation techniques (Schnelle 1955). He already
visioned spatial patterns in plant distribution, life cycles and annual activities that would
become parts in later definitions.
200 years later, Friedrich Schnelle compiled the state of the art in phenological research. He
attempted ’to build a homogenous branch of science by putting together the splitted parts’
and published Pflanzen-Phänologie in 1955. Schnelle defined phenology as
’the science of growth appearances and the development of plants’
He concentrated on plant phenological observations. In this area, he wrote an overview which
still serves as a model example today. Schnelle described in detail the art of observation,
data collection, phenological analysis, analysis of impact factors such as climate and soil
and eventually a wide range of practical applications. Schnelle’s collection of references of
phenological observations from around the world was a very detailed and important step
forward in the development of phenology. 15 years later, Helmut Lieth defines phenology as
the
’Art of observing life cycle phases or activities of plants and animals in their
temporal occurrence throughout the year’1
This definition summarises the philosophy that this study is based on: first of all, phenological
observation is an art in the sense of a craftwork depending on the individual observer’s skills.
The scientific analyses are the second step towards the understanding of phases and activities
of plants and animals in their temporal occurence. Furthermore this definition gives the
simplest description of seasonal cycles of phenological phases. In addition, Lieth (1974) quotes
the technical definition by the US IBP Phenology Committee2 :
’Phenology is the study of the timing of recurring biological events, the causes of
their timing with regard to biotic and abiotic forces, and the interrelation among
phases of the same or different species.’
1

Lieth 1970 cited in Lieth (1974)
United States International Biological Program (US IBP) Phenology Committee. The Committee noted
the ’the need for study of problems of phenology and seasonality’ and stimulated cooperation ’of as many
pertinent disciplines as possible’. The Committee held a symposium at the 25th Annual Meeting of the
American Institute of Biological Sciences in 1972.
2
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This definition shows a character of compromise because it is the result of years of discussions.
It focuses solely on biological cylces referring to abiotic processes as causing factors. Most
recently and similar to the defintion of the IPCC-reviewers (McCarthy et al. 2001), Lechowicz
(2002) defined phenology in the Encyclopedia of Global Environmental change:
’Phenology is the study of the seasonal timing of events in nature: when flowers
bloom, trees leaf out, birds migrate, animals hibernate, fish spawn, phytoplankton
blooms, lakes freeze [. . . ]’.
The latter definition includes specific biological and physical phenological events. It points to
recurring events in plant and animal life as well as seasonal changes in the physical environment
such as lake freezing.

1.1.2

Phenological Observations

The existence of unsystematic observations is known from ancient Rome and from ancient
China, where for the latter a phenological calendar of central China was compiled by Lu Shih
Chun Chin (Lauscher 1978; for a general overview see Schnelle 1955). The Greek philosopher
Theophrastos from Lesbos (372–287 BC) taught that the yield of a plant not only depends
on the soil but also on weather and climate (Seyfert 1960). With the reference to agriculture,
Seyfert (1960) also implies that there were economic motivations behond these observations.
The most well known records of phenology contain the date of the Japanese cherry festival.
The date of the festival is closely related to the full bloom of the cherry tree. One series with
gaps starting in A.D. 812 was published by Arakawa (1955). Sekiguti (1969) published a series
starting as early as in A.D. 705 with 152 observations until the 19th century (Fig. 1.2).
The record lists the dates of the cherry festival and ceremonies that took place either at the
Imperial or at the Shogunate Court at Kyoto, the capital of Japan at that time. The dates do
not represent the exact phenological state of the full bloom of the cherry but the date of the
festival. Still, there is a close relationship between the two events, because ’there might be no
wonder that the cherry festival was held around the day of the full bloom’ (Sekiguti 1969).
Historical records from Europe are known but are rarely analysed. The Marsham record
from 1736 to 1947 has been known for a while (Marsham 1789, Margary 1926, Sparks and
Carey 1995). Initiated by Robert Marsham on the family’s estate near Norwich, several
generations continued to record 27 phenological phases. This unique record spans almost 200
years. Sparks and Carey (1995) focused their study on the comparison between the unique
phenological record and temperature measurements of central England (Manley 1974) and
the precipitation data from East Anglia (Craddock 1976). Results of this analysis revealed a
strong correlation between early spring weather of the year of the observed phenological spring
phases. In addition, they found that the weather of the preceding year showed little influence
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Figure 1.2: Observations of the flowering of the Cherry-Festival in Japan 705–1864 compiled
from historical sources. All dates are in April; March and May dates are labeled with 3 and 5,
respectively (Sekiguti 1969).
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on plants and animals. Fitting regression models of 15 climate parameters on phenological
phases, up to 73 % of the variance could be explained (for leaving of Quercus or oak tree).
For other plant phenological phases a lower amount of the variance could be explained, e.g.
25 % for Galanthus nivalis (snow drop, Sparks and Carey 1995).
Another historical phenological record comes from Hungary (Walkovszky 1998). The three
different periods of the flowering dates of the locust tree (Robinia pseudoacacia L.) 1851–
1930, 1952–1981 and 1983–1994 were compared. The average flowering dates for the latest
period in this study (1983–1994) were 3–8 days earlier than in the period 1851–1930. A
regression model was calculated to estimate temperature changes from flowering dates. With
an accuracy of 0.2◦ , the results show a warming from 10.5◦ for 1851–1931 to 12.2◦ for 1983–
1994 for spring temperature mean between March 15 to May 15. The temperature estimation
from phenological observations exceeds the measured changes at a station near Budapest.
The calculated warming in this region is 1◦ for the century. Still, the phenological changes
reflect the changes in temperature for the same area (Houghton et al. 2001), even though
the discrepancies emphasize the need for alternative data analysis approaches to determine
possible climatic variations and distinguish real temperature changes from increasing urban
effects (Walkovszky 1998).
In the US, Aldo Leopold, the father of wildlife ecology, gifted writer and skilled observer, published his own observations from Sauk and Dane County, Wisconsin, from 1935–1945 one year
before his death (Leopold and Jones 1947). As an advocate for US conservation movement,
he commented the collection of some 328 phenological phases with a fervent introduction for
the case of phenology. Careful descriptions of the historical background, the observation area
and the observers make it a valuable document. Aldos eldes daughter, Nina Leopold Bradley
(Bradley et al. 1999) continued the observations at the same place from 1976–1998 and published statistical analyses. She showed that a number of spring events appear earlier with a
mean trend of 1.2 days per decade.
In Europe, Egon Ihne dedicated his life as a researcher to phenology from the 1880s to 19413 .
Ihne and his mentor H. Hoffmann, a botanist who himself recorded phenological events for
more than 40 years, established a phenological observation network in Germany. Ihne published the results in a yearbook from 1883–1941. Friedrich Schnelle, longtime-head of the
phenology section at the DWD4 , initiated the idea of establishing International Phenological
Gardens in Europe in the middle of the last century (e.g. Schnelle 1955). This network was
intented to be ’a network of plants and not of observers’. The program is based to observe
phenological events on genetically identical plants of the same species in order to exclude
individual responses to changing environments. Detailed and illustrated instructions describe
3

Schnelle (1960) reports the inscription of the gravestone of Egon Ihne: Seine Lebensarbeit war Phänologie
(His lifework was phenology)
4
Deutscher Wetterdienst or ’German Weather Service’
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exactly the phenophases to be reported. Phenological gardens assure therefore a maximum of
exact observations with controlled internal plant conditions (Schnelle and Volkert 1974). Phenology and Seasonality Modeling edited by Helmut Lieth summarizes the focuses of research
to 1974 (Lieth 1974). The volume worked out definitions that are still valid today. The title
of the book represents well the focus of phenological research at that time. It highlighted the
analysis of phenological observations as part of seasonality analysis in ecosystem research.
Methodologically, computerized data processing opened new possibilities for analysis. In recent years, phenology has focused on the analysis of trends in changes of phenological phases
as the consequence of global change and related warming in many places (see following sections
for references). Trend analysis and phenological changes in ecosystems and their relation to
climate input factors have been focused on. In connection with international programs today,
a new summarizing book is in preparation (Schwartz 2003).
In Switzerland, Christian Pfister analysed the phenological observations of the Economic Society of Bern from 1760 (Ökonomische Gesellschaft Bern, Pfister 1975). The society collected
information on plant growth in order to compare them with meteorological parameters and,
thus, increase yield with better planning. Furthermore, he collected a wide range of historical observations from Medievial Ages to the present5 . Vassella (1997) digitized and analysed
observations of a Forest Phenological Network in the Canton of Bern from 1869 to 1882. The
initiators, the forest service of the Canton, handed out definitions of the phenophases to be
observed.
In 1951, Bernard Primault initiated a national phenological network (Swiss Phenological Network) to collect systematic observations. He provided several hundreds of observers with
guidebooks. This network is still ongoing and operated by MeteoSwiss6 . It includes observations from every region and stations that represent the range in altitude. As his successor
at MeteoSchweiz, Claudio Defila analysed 35 years of observations of the Swiss Phenological
Network (Defila 1991). Defila analysed 38 phenophases at more than 100 sites from every
Swiss region. He graphically presented the results in phenological calenders that show the
succeeding phenological phases throughout the year at one site (see Figure 1.3). Boxplot figures indicate the longterm mean values of the respective phase where as the boxes show the
standard deviations. Whiskers represent extreme values. By arranging phenological phases in
order of increasing longterm mean values, the phenological calendar shows the plant development at an observation site. In the context of NCCR Climate starting in 20017 , Studer et al.
(2003) analysed interannual variability and decadal trends in Alpine spring phenology with a
multivariate statistical approach.

5

see www.euroclimhist.com
MeteoSchweiz, Swiss national weather service
7
The Swiss National Science Foundation (NSF) supports a National Center of Competence in Research
(NCCR) in Climate
6
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Figure 1.3: Phenological calender for Liestal 1951–1990. Phenological phases are in chronological order of their median appearance date. Plot for single phases indicate mean, 50 %, 80
%, maximum and minimum date (Defila 1992).

1.2
1.2.1

Climate and Phenology
Phenological Trends and Global Change

In recent years, phenology amongst other methods has been applied to assess the impact of
global change on ecosystems (McCarthy et al. 2001, Walther et al. 2001, Walther et al. 2002,
Parmesan and Yohe 2003, Root et al. 2003). It is of growing interest how and how much
ecosystems have changed in order to assess changes under the predicted future warmings.
Working group two to the Third Assessment Report of the Intergovernmental Panel on Climate Change (IPCC TAR) states in the introduction section that ’observational evidence of
changes has accumulated in many physical and biological systems (e.g. glacial melting, shifts
in geographical ranges in plant and animal species, plant and animal biology) that are highly
consistent with warming observed in recent decades’ (McCarthy et al. 2001). These studies
focus on multispecies datasets to determine global changes. In their so called ’meta-analyses’,
Root et al. (2003) gathered information from 143 studies to reveal a consistent temperaturerelated shift for the 1951–2000 period, or the ’sweaty fingerprint over the whole earth’s natural
systems’ as Powell (2003) commented the study (see Fig. 1.4). The shifts were seen in species
ranging from molluscs to mammals and from grasses to trees. More than 80 % of the species
that showed changes were shifting in the direction expected on the basis of known physiological constraints. Focusing on temperature, Root et al. (2003) found a trend of ’combined’

spread, predictable and means that we can reject the null hypothesis of equal change in both
we expect these changes the expected and opposite directions. Consequently, even this fairly
ture changes are largest low-powered vote-counting meta-analysis indicates that most
nd for changes to be less changes are consistent with our understanding of how temperature
y one of a long list of change influences various traits of a variety of species and popud health of populations, lations from around the globe. Hence, we can safely state that there
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Walther et al. (2002) state that phenology is ’probably the simplest process in which to
track changes in the ecology of species in response to climate change’. Besides phenology,
they applied different approaches to assess the response of ecosystems to global warming: the
structure and dynamics of ecosystems highlighting common and contrasting features amongst
the taxa, the composition of and interactions within communities and the range and distribution of species. On different space and time scales, responses can vary significantly because
non-climatic influences can dominate local, short-term biological changes. This makes causal
attribution of recent biological trends to climate change complicated (Parmesan and Yohe
2003).
A method to observe and assess phenological changes on a continental to global scale is remote sensing (Schwartz 1998, Schwartz et al. 2002, Chen and Pan 2002, Zhou et al. 2003).
Continous time series are now available from the beginning of the 1980s. Applying remote
sensing methods, the lenghthening of the growing season and an increased plant growth has
been detected by calculating the Normalized Difference Vegetation Index (NDVI) that measures the green part of the Earth’s surface biomass. The NDVI is derived from infrared and
reflected red light. The NDVI time-series from 1981–1991 shows a change towards an earlier
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start of the growing season of 8±3 days and cessation of 4±2 days later (Myneni et al. 1997).
The regions showing the greatest change lie between 45◦ N and 70◦ N. Thus, the active growing
season has lengthened by 14±4 days. Extending the period to 1981–1999, the growing period
derived from NDVI is 18 days longer in Eurasia and 12 days longer in North America. Wunderle et al. (2003) processed greenness from 846 NOAA-AVHRR images for the European
Alps during the 1995–1998 period. Most recently, a new method to assess four key transition
dates in intra-annual vegetation dynamics was presented by Zhou et al. (2003). Using Moderate Resolution Imaging Spectroradiometer (MODIS) data for the northeastern United States
between June 2000 to May 2001, they developed a method that fits remotely sensed satellite
vegetation indices to a logistic function of time. With this method, greenup, maturity, senescence and dormancy starting dates are derived. No time-series analysis is possible because
the instruments were launched and installed in 1999.
Continental and regional effects of global change on phenology from ground-based observations
was studied by Menzel and Fabian (1999) (see Figure 1.5). Averaging 616 springtime data
series and 178 autumn data series from International Phenological Gardens (IPG), they showed
that the growing season in Europe has lengthened in average by 10.8 days since the early 1960s.
A lengthening six days was attributed the advancement of spring phases such as leaf unfolding
and flowering dates (see 1.2.3 for modelling details). The prolonging of the growing season
excluded other warming factors such as urban heating effects or artefacts of plant ageing.
Menzel et al. (2001) applied similar methods on the data from the German Weather Service
for the period 1951–1996. The trend towards a longer growing season remained the same (10.8
days), but the percentage of the advancement in spring phases became slightly stronger to 6.3
days.
Peñuelas et al. (2002) showed responses in Spanish Mediterranean ecosystems using analyses
of phenological changes. During the period 1952 to 2000, they found in the data from the
observation diary of Pere Comes, that plants flower on average six days earlier, leaves of most
deciduous plant species now unfold on average 16 days earlier and fall on average 13 days
later than they did 50 years ago. The observations were made around Cardedeu, a village in
northeastern Spain (41◦ 34’ N, 2◦ 21’ E, 195 m a.s.l.). These findings support ecological field
experiments in the nearby nature reservation at Montseny mountain (Peñuelas and Boada
2003). Plant distribution and biome shifts over the previous 55 years have revealed that
cold-temperate ecosystems are progressively replaced by Mediterranean ecosystems.
A special case are climatic induced changes in mountain ecosystems (Theurillat et al. 1998,
Theurillat and Guisan 2001). Phenological changes are visible in records from alpine transects.
For example, the flowering and fruit-getting stage of Alpine rose (Alpenrose) is correlated to
a mean daily surface air temperature of the air. A south-facing transect revealed a 3.3-day
gradient in the development stages for every 100 meters in altitude. In the east-facing transect it was 6.3 days for every 100 meters. Phenological observations permit an assessment of
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plant’s habitat requirements in relation to temperature and other environmental parameters.
With the expected rise in temperature, phenological changes can be expected along sensitive mountain slopes. In analogy, supporting evidence for the eastern Swiss alps (Canton of
Grisons) was found in the phenological observation data of the Swiss Phenological Network
(Defila 2003). Phenological trend calculations showed a lengthening of the growing season
defined as the difference of all spring and fall phases for 20-year periods between 1951 to 1998.
The lenghthening of 10.4 days is mainly due to an earlier start of spring of 21 days from 1951
to 1998. Fall starts in this case 11 days earlier. The trend for all of Switzerland is more
pronounced with 13.3 days as the comparison reveals. It has to be noted that the growing
season would be shorter when another definition is applied: Defining the growing season as the
photosynthetically active period, calculated as the difference between budburst and coloring
of the leaves, the growing season would shorten with 0.7 days for 1951–1998. Trends in spring
reveal trends with more plants showing earlier spring phases. Autumn phases are generally
harder to observe and show a more complex reaction to environmental influences and changes.
Maak and von Storch (1997) present another use of phenological observations. In their analysis, they compared the beginning of the flowering of the ’snowdrop’ Glalanthus nivalis in
Northern Germany with monthly mean near-surface temperatures from a 5◦ ×5◦ grid of westcentral Europe. By means of canonical correlation analysis (CCA), they identified a strong
linear correlation between the two datasets. In addition, Maak and von Storch (1997) used
air temperature data from a general circulation model (GCM) to estimate the flowering date
of Galanthus nivalis for the year 2035 when the carbon dioxide concentration for northern
Germany is expected to be double. They found that the ’snowdrop’ will begin to flower about
two weeks earlier. With a tripled concentration of CO2 – expected in 2085 – the beginning of
the flowering would occur roughly 4 weeks earlier.
In fact, the observed increase in the length of the growing season is concordant with an
increase in the amplitude of the seasonal cycle of atmospheric carbon dioxide exceeding 20
% measured since the early 1970s and an advance of up to seven days in spring and early
summer (Keeling et al. 1996). The authors concluded and proposed that the amplitude
increases reflect increasing assimilation of CO2 by land plants in response to climate changes
accompanying rapid changes in temperature.
In contrary to the findings of longer growing seasons and an enhanced activity in the carbon
cylce, Kozlov and Berlina (2002) found a shortening of the snow-free and ice-free period by
15–20 days for the Kola peninsula (Russia at 67◦ N, 32◦ E). The phenological shifts during
this period were much larger than the slight, 0.56◦ C drop in temperatures during August and
December. Other unknown factors may have enhanced the cooling. Birch (Betula) autumnal
coloration and leave fall showed the largest shift of 22 days towards earlier beginning in autumn
for the period 1930 to 1998. This trend is the opposite of most findings from Europe reflecting
a cooling in this area. Kozlov and Berlina (2002) point out the different changes in Northern
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Fennoscandia compared to the southern part. Their findings are in agreement with satellitebased studies from 1982–1989 (Høgda et al. 2001), which demonstrated a one-week delay
in spring at high latitudes contrasting the advancement of spring in Southern Fennoscandia.
Still, they contradict many studies that indicate an extension of the growing season.
These findings support more critical papers. Hughes (2000) for example warns of overinterpretating the recent findings for two reasons: First, the nature of scientific publishing is such
that positive trends are more likely to be both submitted and published than negative and
inconclusive ones. Second, none of the studies represent a controlled experiment and thus
different possible causes of the trends are confunded. Shepherd et al. (1984) conclude in their
study on fish stock variations and links to climate that investigators should try to remember
the 99 non-significant correlations they threw away for every one they kept. They should beware of the effects of non-normality in their data, non-linearity in the relationships, time-lag
effects on correlation analysis and the likely overestimation of forecasting skills.

1.2.2

Phenological Trends and Climate Change

A special issue of the International Journal of Climatology (van Vliet and Schwartz 2002)
emphazised the importance of phenology-climate-interactions. The editorial was entiteled
Phenology and climate. The timing of life cycle events as indicators of climatic variability and
change 8 . The participants recognised that phenological changes have the potential to contribute to the climate change impact debate. Contributions included an overview in European
spring phenology (Ahas et al. 2002) as well as studies from China (Chen and Pan 2002) and
Australia (Keatley et al. 2002). Many disciplines were represented in this issue, for example,
atmospheric mechanisms governing spatial and temporal variability (Scheifinger et al. 2002),
the timing of pollen release (van Vliet et al. 2002) and comparing satellite-derived start-ofseason measures in relation to phenological observations (Schwartz et al. 2002). Summarizing
the conclusions of the contributing papers, an important message is that observed changes in
climate such as a 0.6◦ C increase in global mean temperature during the last century have
already had a significant impact on natural systems.
Other studies in the special issue contributed to the understanding and interrelation of phenology and climate, however the data sets they use are limited to specific time periods and spatial
ranges. The focus in climate research has been put on the governing patterns of the climatic
factors such as temperature, precipitation or pressure on phenological events. The other way
round, phenological phases were used in historical climatology to explain temperature and
precipitation patterns and related pressure systems (see 1.3).
8

A conference with the same title organized by the European Phenology Network (EPN) was held at
Wageningen, the Netherlands, in December 2001. In the context of the Fifth Framework Programme of the
European Commission, phenological research was assembled to an interdisciplinary community which also
contributed to the raising number of studies.
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Based on the phenological observations by the German Weather Service (DWD) and temperature data from 16 German weather stations, Chmielewski et al. (2003) plotted spring
phenology against monthly mean temperatures. Figure 1.6 shows the anomalies of the beginning of the apple blossom in the period 1961–2000 in relation to the average February–April
air temperature for the corresponding period. Phenological phase and mean air temperatures
are negatively correlated (r = – 0.85). This means that an increase in air temperature leads
to an earlier beginning of the apple blossom. The temperature response of the plant, thus
leads to earlier blossoming by 4.6 days per degree C derived from the regression coefficient.
Correlation coefficients comparing mean air temperatures with the beginning of the cherry
blossom, the beginning of the stem elongation for winter rye and the index value for the beginning of the growing season (which is defined as the mean of the three single phenological
observations) all range between – 0.85 for the apple and – 0.89 for the growing season index.

Figure 1.6: Anomalies of the beginning of the apple blossom (∆A60) and the average air
temperature from February to April (∆T24) in Germany for 1961–2000. r = – 0.85 and
significant at 99 % level.
For Estonia (Lat 57 to 59◦ N) close to the Baltic Sea, Ahas et al. (2000) studied 24 phenological
phases for the period 1948–1996. The phases covered the whole growing season. They showed
that the phases were most highly correlated to the temperature situation of the previous two
to three months. It was therefore used as an alternative to the degree-days method9 . The
influence of a +2◦ C warming has on phenological changes is in the natural range of variability.
9

Several methods are applied to measure the influence of temperature changes on plant physiology. Besides
comparisons with monthly mean temperatures as the simplest method, the degree-day-methods sums up the
degrees from a certain threshold to the beginning of a phenological event. In a similar way, the accumulated
heat method sums up the temperatures. This method requires daily temperature measurements (see Schnelle
(1955), Bider (1940), Bider (1960)). Today, the degree-day method is used to calculate the beginning of the
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In Spain, Peñuelas et al. (2002) compared phenological changes with rising temperatures at
Cardedeu field station (see 1.2.1). The mean annual temperature in the study area increased
by 1.4◦ C over the observation period 1952–2000 while precipitation remained unchanged. Furthermore, all phenological changes were correlated with temperature changes especially with
those preceding the phenophase. These months seemed to be the most determinant, however
not in all cases. For some species, the mean annual temperature was the most correlated
climate variable to the phenological changes, especially for fruiting. The differences between
mean annual temperature and temperatures of months preceding the phenological event were
very slight. For a few species and phenophases changes in temperature statistically account
for more than 50 % of the changes in phenological phases. Peñuelas et al. (2002) argue, furthermore, that species which showed little change in flowering or fruiting may be more strictly
controlled by photoperiod than by temperature (Romberger in Peñuelas et al. (2002)). Possible effects of atmospheric CO2 increase on phenological traits cannot be discarded (Peñuelas
et al. 1995). In addition, the number of freezing days has significantly decreased from around
50–60 per year in the 1950s to 20–30 in the Spanish Mediterrenean during the 1990s.
Studies from North America show similar results with high dependency of spring events to
temperature. Beaubien and Freeland (2000) correlated February Pacific sea surface temperatures with air temperatures in western Canada and with the subsequent spring flowering.
The spring flowering index was derived from the first flowering date of three species. Figure
1.7 shows the spring flowering index plotted against March, April and May temperatures at
Montreal. Index and mean temperature are negatively correlated with r= – 0.85 (see Caption
1.7 for index species) . Comparing the flowering of single species of decidous tree dates with
heat residuals derived from the mean accumulated heat until the date of flowering revealed
even closer relation of r = – 0.93 (for aspen). However, for much of the analysis the temperature was calculated as the mean of the monthly temperatures for 2 to 3 months preceding the
flowering (Beaubien and Freeland 2000).
In Japan, the almost 1200-year long observation record of the dates of the cherry tree festival
lead to statistical analyses (Arakawa 1955, Sekiguti 1969). Aono and Omoto (1994) used
the data to estimate temperatures since the 11th century. The dates were assembled from old
diaries and chronicles and are assumed to be the date of full blossoming of Prunus jamasakura,
a native species of Japan. Decadal average values revealed the most accurate results with an
range of uncertainty of 0.1◦ C. The results of the reconstruction of the last millenium showed
three different periods. The 11th to the 13th century are believed that they were rather
cool admitting the low number of obervations. A warm period is described for 1470 to 1610.
The changes after 1810 are attributed to global warming as well as urban warming affects
according to Aono and Omoto (1994). In addition, the tradition of cherry tree observations in
Japan has produced cherry tree observations of P. yedoensis at several meteorological stations
cherry harvest for the Baselland-Region (A. Buser, pers. comm.)
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Fig. 2 Spring flowering index
and temperatures with deviations from the means
(1973–1996), for Edmonton,
Alberta. Vertical bars represent
the annual spring flowering indices expressed as deviations
from the mean 20-year value.
The spring flowering index is
the mean of the first-flowering
dates for P. tremuloides, A. alnifolia, and P. virginiana. The
line represents the annual deviation in °C from the 20-year
spring mean temperatures. Annual mean temperatures were
calculated from March, April,
and May mean monthly temperatures. Note that years with
El Niño events are marked as
follows: * medium El Niño
event; ** strong El Niño event

Fig. 3 Long-term trend
Figure 1.7: Spring flowering index and temperatures with deviations from the means (1973–
(1901–1997) in first-flowering
dates of P. tremuloides,
at Ed- for Edmonton, Alberta. Vertical bars represent the annual spring flowering indices
1996),
monton, Alberta. The julian
dates of flowering are
shown as as deviations from the mean 20-year value. The spring flowering index is the mean
expressed
deviations from the mean
bloom date for all data.
Phenolof the
first-flowering dates for Populus tremuloides (aspen), Amelanchier alnifolia (Pacific
ogy data for 1901–1903,
1936–1961, 1973–1982,
and
serviceberry),
and Prunus virginiana (choke cherry). The line represents the annual deviation
1987–1997 are plotted (no deviation values = zero)
in ◦ C from the 20-year spring mean temperatures. Annual mean temperatures were calculated

from March, April, and May mean monthly temperatures. Note that years with El Niño events
are marked as follows: * medium El Niño event; ** strong El Niño event (Beaubien and
Freeland 2000).

tion). Later dates are associated with lower than average
temperatures. Differences among the correlations are not
statistically significant (two-sided p value =0.15); however, the analysis suggests that, of the three species, P.
tremuloides’ spring phenology may be more strongly
linked to temperature accumulation.
A comparison of the spring flowering index and temperature shows the same inverse relationship (Fig. 2).
Annual monthly temperatures for Edmonton City Centre
airport for March, April and May were averaged for each
year, and these temperatures and the spring flowering index correlate at r=–0.851.
Mean values of the annual spring flowering indices
(SFI) within each historical data set are as follows:
Russell (1936–1961), 14 May; Bird (1973–1982), 7 May

and Beaubien (1987–1996), 6 May. This represents a
movement forwards of 8 days in the timing of spring development in the Edmonton area over the last six decades. The trend to earlier flowering is actually more
pronounced, since Russell’s definition of first blooming
“first flower seen” would, in most cases, be a few days
earlier than “10% blooming” used in the most recent
data set. Early flowering in Edmonton correlates with
early flowering over much of the province of Alberta
(Beaubien, unpublished data).
The long-term trend (1900–1997) in timing of the
first blooming of P. tremuloides shows an advance of 26
days over this period (Fig. 3). Of the four historical data
sets used, the earliest Royal Society data are the most
limited, representing only one observation per year for
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throughout the country Aono (1993). Starting during the 19th century, these records were
used to describe regional changes of cherry tree flowering dates. The results show that changes
with predicted warming of 2◦ C will have different consequences depending on the latitude
location of the observation site. Southern sites in the Kyushu district are predicted to show a
change towards earlier flowering of 0–2 days. The northern districts of Hokkaido, on the other
hand, can expect an earlier flowering of 10–12 days.

Historical Change in Temperature at
Kyoto City

Figure 1.8:
plotshows
of the the
daychange
of the year
of flowering
the Cherrydate
TreeofFestival dates in
TopSymbolic
of Figures
in full
Japan (top)charry
and derived
temperature
changes
during
the past millenium. (Source:
tree at
Kyoto city
since (bottom)
1000 A.D.
Flowering
phenological
data
was
searched
from
old
documents
such
http://taiki3.envi.osakafu-u.ac.jp/AtmEnvDoc/Aono/OldCli-e.html, Aono
and Omoto 1994).

as diaries and chronicles. Full flowering date is presented
in day of year in this figure. Bottom of figures shows the
change of March mean temperature deduced by
flowering dates of cherry trees. During 11 - 13 th century,
the March appeared to be generally very warm compared
1.2.4 Relation to Air Pressure Systems and Circulation Patterns
with other periods, however, accuracy of the estimation
values are rather poor.. From 17th to the present,
In addition to the relationship between phenology and temperature, several authors investitemperatures generally tend to be estimated in low
gated the influence of air pressure patterns on phenological events. The studies concentrate on
values, especially estimations in 1690-1710"s and
the European
continentcontinued
where the to
influence
of the North
Atlantic Oscillation
1810-30's
the present
is noticeable.
The rise (NAO) is a well
known phenomenon
(e.g.toHurrell
Wanner
et al. 2001, Hurrell
amountsintoclimatological
3.4 C seemsresearch
due both
urban1995,
warming
and
et al. 2003).
Anscale
indexwarming
value of the
NAO
defined
as the standardized
pressure
large
over
the (NAOI)
centralisJapan
roughly
the
same degree.
gradient between
Iceland and the Azores. Positive NAOI is related to a strengthening of the
westerly flow from the Atlantic towards the European continent. In general, the moist-mild
winds lead to rather warm and wet winter season over the northern part of the continent
Aono Home Page
whereas the southern continental part is warm and dry. In contrast, a negative NAOI represents reduced westerly flow over the eastern Atlantic. The meteorological situation under
negative NAOI with continental and dry air masses over the European continent leads to cold
and dry winters over the northern part of the continents. Simultaneously, the Mediterrenean
regions are rather wet because Atlantic winds are diverted to the south.
The pressure patterns governing the temperature and precipitation should therefore also be
reflected in phenological events. D’Odorico et al. (2002) studied the depence of spring pheno-
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logical phases such as first leafing, blooming, start of the pollen season and ice break in lakes.
Scheifinger et al. (2002) found that vegetation reacted to its atmospheric environment in a
sensitive way. The greatest influence of the NAO on phenological dates dates was found in
early phases when both are interpolated. The seasonal northward shift of the westerlies related to changing insolation and pressure gradients overlapped with most phenological spring
phases. As can be expected, the influence of the NAO decreases with increasing distance from
the Atlantic coast. Furthermore, mountaineous terrains reduce the influence of the large-scale
atmospherec flow. Scheifinger et al. (2002) showed that the subjective observations of plants
are able to reflect the spatial and temporal variability of atmospheric processes to a high
precision.
A set of regressions between phenological anomalies in Germany expressed as the deviation
from a longterm mean and different NAO-monthly means showed that NAOJan–Mar explains
37 to 56 % of the common variance of 9 spring phases analysed (Menzel 2003). They were
negatively correlated meaning that a positive NAOI is connected to an earlier appearance of
phenological spring phases. For summer phases, NAOFeb–Mar explained 23 to 36 % of the
common variance also negatively correlated. High NAOSep delayed leaf colouring explaining
10 to 18 % of the variance. Menzel (2003) concludes from her findings that the results of the
regression models with NAO mirrors the comparisons with temperature. The pressure models
preceed the temperature models by one month.
The findings for Germany are supported by studies with phenological observations in Norway
(Mysterud et al. 2003). Based on observations from 1928 until 1977 (Lauscher and Lauscher
1990), the findings showed that the influence on herbs was stronger than on wooden plants.
Furthermore, Post and Stenseth (1999) showed that the influence of the NAOI was more
pronounced on early-flowering plants than late-flowering species. The flowering length of
early-blooming plants also exhibited a greater degree of correlation with the NAOI.
In another study, the influence of the Arctic Oscillation (AO)10 on phenological spring phases
in Norway was investigated (Post 2003). From an ecological point of view, Post wanted to
investigate the influence of environmental factors on spatially synchronous dynamics. 26 populations of three plant species spanning 500 km latitudinal transect in Norway were analysed.
Temporal fluctuations in the timing of flowering were highly correlated across populations.
Moreover, the AO synchronized the timing across all three species over the longest distances.
The findings support the fact that populations are linked by large-scale climate and suggest
that populations of multiple species may be influenced simultaneously.

10

The Arctic Oscillation (AO) is a significant hemisperic pressure pattern with the center over the North
Pole and closely correlated to the NAO. It is defined as the first empirical orthogonal function of the wintertime
(November–April) Sea Level Pressure field polewards of 20◦ N. A ’high index’ of the AO is defined as periods
of below normal Arctic sea level pressure (SLP), stronger surface westerlies in the north Atlantic, and warmer
and wetter than normal conditions in northern Europe (Thompson and Wallace 1998).
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History and Phenology

Historical phenological observations from Ancient Times to the present are known. A methodology for dealing with and interpreting written historical sources has been developed by historians and adapted to the special needs of environmental and climatological history (e.g. Lamb
1977, Glaser et al. 1999, Pfister 2001, Souriau and Yiou 2001, Xoplaki et al. 2001, Brazdil
et al. 2003). For the analysis of historical phenological observations no comprehensive work
has been written.
Advances in phenological research have been recognised by historians noting however that
only a few historical data sets reaching back further than 50 years. Nevertheless, phenological
observations can serve historical climatology to fill temporal gaps between palaeoclimatology and the climatology at the transition of the preinstrumental to the instrumental period.
Historical phenology can help produce high-resolution climate reconstructions and series of
climatic anomalies and extreme events on a monthly to seasonal scales. The focus lies on the
pre-industrial period when the effect of human society on nature took place only on local or
regional scale. Historical climatology and phenology as a subcategory contribute to the understanding of processes and diagnoses of the climate system and ecosystem in general prior
to massive human influence on the global atmosphere beginning with the industrial revolution
(Brazdil et al. 2003). Pfister (2001) defines three subdisciplines for historical climatology: (i)
The reconstruction of past weather patterns and climate states from documentary data (e.g.
Pfister 1999, Strömmer 2003). (ii) Historical climatology analyses the resilience of societies to
climate variations and natural catastrophes (e.g. Pfister 2002, Groh et al. 2003, Kempe and
Rohr 2003). (iii) It is concerned with changing social representativity of climatic phenomenons
in societies (e.g. Groh et al. 2003).
In the typological table of climate proxy indicators (Pfister 1999), phenological observations
belong to the group of indirect descriptions of biological events which themselves serve as
indicators for temperature or precipitation (see 1.2.2).
Before statistical and quantitative analysis, the records need to be checked with historical
methods. This method is called source analysis. Source analysis helps to transform information about the past into the framework of present thought and interpretation. It helps to
prevent drawing wrong conclusions. With source analysis the records are tested for several
points. A general text criticism checks the record for authorship, the time of writing11 and
authenticity of the observation. Complete source analysis should be performed in as much
11

The time of writing does not necessarily have to be the year of the observation. Phenological observations
often come from so called compilations. Records from various sources were collected in one book. Copying
from other sources bears possible mistakes. In addition, besides the observing author, the compiling author
can change the meaning of the observation with his own interpretation. This may vary from a ’real time record’
noted from the observer in real time to dubious chronicles by unknown authors with a long time having passed
between the event and the time of recording.
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Figure 1.9: Historical record from April 1859 taken by Jakob Korradi at Oberneunforn,
Canton of Thurgau. Column 1 shows the date of the month, Columns 2–3 and 4–5 show
temperature and sky observations in the morning and in the afternoon, respectively, column
6 shows additional abservations such as flowering of the cherry tree (7th) or wind from the
valley (15th) (scanned from the original source).
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detail as possible to ensure that the metainformation is as complete as possible. In a phenological context, most important metainformation concerns observer and site information. In
certain cases, additional information about species, local climate, soil and hydrology are available. For interpretation of statistical results, metainformation contributes to the objectivity
of the observations that contain a certain degree of subjective uncertainty. In this way, source
analysis helps to ’understand’ phenologcical observations that otherwise would stay a ’matter
of belief’.
In addition to the application of historical method in a natural science study, it has to be
added that phenological sources can help answer questions in the field of history. It has been
discussed as long as history is a scientific subject whether historical sources depict a single,
unique event in past time that stands for itself, or whether it has to be interpreted as one of
many events that contribute to the historical process (Schulze 1996).
The question of quantifying historical sources was traditionally situated in social and economic
historical studies. At the dusk of the age of single-method historical reserach, Aydelotte (1966)
discussed the matter in a way that is still valid today (Strassenburg 2002). Aydelotte stressed
that quantification justified generalized interpretation of historical sources and freed research
from ’telling a story’. Quantitative history should not make the mistake, Aydelotte warned,
to conclude from small samples that can be biased and unrepresentative and, thus, produce
spurious relationships. Furthermore, it supports historians in establishing categories. Aydelotte was not the first historian to note that literary is the only ideal source to explain the
historical past of societies. In the late 19th century, Frederick Jackson Turner and others
employed non literary sources in their research supplementing the methodology with the techniques of statiticians, geographers, economists, sociologists and political scientists (Darcy and
Rohrs 1995). Summarizing, Strassenburg (2002) lists arguments for quantitative research in
a historical journal: the historical research question must justify quantitative methodology.
Statistical software must be applied correctly when easy-to-use-software make the work much
easier. Strassenburg stresses that historical sources still need to be checked with sound source
analysis in addition to the statistical analysis. Finally, he asks to integrate historical statistical
results into the historical context and concludes that ’qualitative research can get by without
quantitative analyses, but never vice versa’.
In the context of phenological records, it remains an open question how the quantitative
analysis of the unique event of an observation can be developed further to show the evolvement
of an environmental process.
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Biology and Phenology

In Switzerland, historical phenological observations of the cherry tree were collected and analysed for the first time by Christian Pfister (Pfister 1972, Pfister 1975; see also 1.3). Concluding
from a table in Pfister (1984), the flowering of the cherry tree served as an indicator for the
temperature in the month prior to the flowering date. This lead to the conclusion that for
an average year, cherry tree flowering dates are in the middle of April. In order to interpret
historical cherry tree observations, there is a need to understand basic physiological aspects
and list some controversial points in literature.

1.4.1

Plant Physiology Aspects of the Cherry Tree Prunus avium

In order to assess and compile historical observations of the cherry tree, it is important to
include the knowledge of plant physiological research that has been carried out mostly in
connection with improving cultivation and economic return. The sweet cherry tree Prunus
avium 12 belongs to the family Rosaceae (see Webster and Looney 1996a for an overview).
Other fruit trees such as sour cherry (Prunus cerasus), apricot (P. armeniaca), plum (P.
domestica), peach (P. persica) or almond (P. dulcis) belong to the same genus. First cultivations are known from Mesopotamia. The number of originating Prunus in eastern Asia is
much bigger. Today, the global production of sweet cherries exceeds 2 million tons of which
80 % are grown in Europe13 . Cherry tree species originating in eastern Asia are much more
numerous but only P. tomentosa (the Nanking or Downy cherry) has a real value as an edible
crop. The Japanese species mentioned in Section 1.1.2 include P. yedoenis, P. serrulata and
P. subhirtella.
The sweet cherry is a deciduous tree reaching a height of 20 meters. Leaves are approximately
10 cm long and 5 cm wide. They have coarse and irregular toothing. Flowers – the object of
interest – are pure white, approximately 2.5 cm in diameter, formed singly in the axils of the
previous year’s wood or in groups of up to five surrounding a vegative bud in spurs of older
wood. Fruits on the wild species are roundish, black or red in color and approximately 2 cm
in diameter. Indigenous in Eurasia, it has spread over Europe most possibly by birds eating
the fruit and disposing the stones in their faeces some distance away. The spread predates
many of humankind’s movements across Europe and Asia, there is some evidence that its
naturalization in many areas was post-Stone Age and after the Aryan migrations. It is certain
that the sweet cherry was known to the Albanians as kerasie long before the Hellenes founded
their great civilization in Greece (Webster and Looney 1996a).
12

The term cherry tree in this study denotes the sweet cherry tree Prunus avium which is the main subgenus
of the cultivated Prunus in central Europe. Historical observations most certainly refer to economically
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Figure 1.10: Full flowering cherry tree in the Basel region (Hoffstetten SO). (Photograph
taken on April 14 2003 by S. Rutishauser)
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The sweet cherry thrives best on calcerous soil14 in mediterranean-type climate. Nevertheless,
it is found throughout Europe reaching as far North as the British islands, southern Norway
and Scandinavia. The most important limitating factor of the cherry tree production are
climatic conditions. Firstly, the sweet cherry as a deciduous tree needs a period of dormancy.
This limits the area of growing to the subtropic regions in the South. Trees only begin their
growing again when the dormancy or chilling requirement has been satisfied and temperatures
increase sufficiently in spring. Severe cold in the winter also limits the northern range of cherry
production. Precise temperature values are difficult to assign as they depend on the cultivar,
severity of pruning, longevity of the freeze, rapidity of the freeze and thaw and the stage of
dormancy the trees are at the time of the freeze. Cherries also require sufficient and frequent
supply of water (Webster and Looney 1996b).
Flowering habits show important physiological features in the context of this study. Although
bud burst and flowering in spring provide a dramatic, visible manifestation of the annual
reproductive process, floral initiation actually begins in the previous summer (Thompson
1996). The exact date of initiation depends on the cultivar and the physiological condition
of the tree, which, in turn, depends on weather and horticultural practicies. By the time of
leaf fall, all the floral parts are in evidence, albeit in an immature stage. With the onset of
dormancy, the morphological development ceases but the other physiological processes such as
starch accumulation continue. After the chilling requirement is satisfied and as temperatures
rise in spring, buds swell and floral parts mature rapidly. The onset of floral initiation is
triggered by internal signals believed to involve a balance of endogenous hormones and various
assimilates. Unusual weather during the critical early stages of floral initiation may cause
abnormal flower development. Normal bud break and blossoming are dependent on completion
of a specific amount of chilling followed by temperatures warm enough to stimulate growth.
Chilling requires 750 to 1400 hours between 0 to 7◦ C after the onset of the resting period. In
the absence of adequate winter chilling, dormancy is prolonged and the blossoming period is
protracted (Mahmood et al. 2000).
In addition, there has been some disagreement about the role of temperature following bud
break in determining the date of flowering in plant physiological literature. Some conclude
that the time of flowering of fruit trees in general depend more on the degree of winter chilling
than a heat unit accumulation following bud burst (Erez and Couvillon 1985). In contrast, the
time of flowering of the apple tree seems to depend more on the heat unit accumulation than
on chilling (Gianfagna and Mehlenbacher 1985). Several authors observed that the actual time
important plants (Pfister 1984)
13
Lecture notes on stone fruit by Georg Ebert, Humboldt-Universität zu Berlin; http://www.agrar.huberlin.de/gartenbau/ob/Module/Steinobst.pdf
14
Moist, retentive loam soil of at least 0.5 m depth are prefered; subsoil with good moisture-holding capacity
and reasonably free drainage; pH of 5.5–7.5 with good buffering capacity is most suitable (Webster and Looney
1996b).
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Figure 1.11: Flower bud (left) and flower (right) of a cherry tree in the Basel region (Hoffstetten SO). (Photograph taken on April 14 2003 by S. Rutishauser)

of bloom during spring depends greatly on spring temperatures and that this effect depends
on the physiological condition of the plant which is in turn influenced by the duration and
intensity of winter chilling. Specifically for cherries, bud breaking seems to be greatly affected
by chilling (Felkner and Robitaille 1985, Werner et al. 1988). Felkner and Robitaille (1985)
show that the timing of bud break is a function of post-chilling temperatures. Mahmood
et al. (2000) found for several cultivars that increased chilling duration reduced the time to
bud break as well stimulated the vegetative growth. Without chilling plants showed severe
symptoms of prolonged dormancy. As a concluding remark, it has to be added that is harmful
for the plant once the dormancy period has ended. Perraudin (1961) calculated thresholds
when frost events damage the development of cherry trees in spring. The thresholds range
between –4.5◦ and –2◦ for closed buds and full blossoms (cited from Mathys 1975).
Blasse and Hofmann (1993) analysed eight sweet and sour cultivars at Marquart, Potsdam,
Germany, based on 22 years of phenological observations from 1970 to 1991. The beginning
of the full flowering of the five sweet cherry cultivars15 showed a difference of five days from
the earliest to the latest cultivar over the recording period (see 1.12). It varied between April
25 and 30 (doy16 115 and 120). The period between the beginning of the first flower and
full flowering was three days. In addition, the length of the flowering period also depends
on the onset: An early beginning of the flowering period is usually followed by a longer
flowering period whereas with a later onset the period becomes shorter. Statistically significant
differences between cultivars could not be found.
In addition, it has to be added that spring events in general are not only influenced by external
factors but also include on internal determinants. These endogenous stimuli that allow a plant
to anticipate regular changes in the light environment are called ’circadian clocks’ (Schultz and
Kay 2003). This molecular oscillator that regulates a diverse array of physiologies is known
15
16

namely: ’Querfurter Königskirsche’, ’Knauffs Schwarze’, ’Kassins Frühe’, ’Spanische Knorpel’, ’Hedelfinger’
doy = day of year; represents the number of days after December 31 of the previous year.
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Figure 1.12: Beginning of blossoming and full bloom of different cherry tree cultivars at
Marquardt station, Potsdam, Germany, 1970–1991 (Blasse and Hofmann 1993).

for many higher organisms. Especially the transition from a vegetative mode of development
to a reproductive mode represents a major step during the life cycle of higher plants. The
time of flowering is responsive to a number of environmental signals which also include the
seasonal variation of the day length. Recent analysis showed insights into the mechanism of
photoperiodic regulation of the flowering time of higher plants such as the cherry tree because
these rhythms can persist in the absence of the external time cue (Kreps and Kay 1997).

1.4.2

Cherry Trees and Climate Parameters

Important in the context of this study are analyses of the differences in flowering dates between
different cultivars. For the greater Berlin area, Blasse and Hofmann (1993) calculated the
relationships with temperatures between the beginning of the bloom and the cumulative daily
temperatures above different thresholds. In the case of sweet cherry cultivar the physiological
threshold lies between 3 and 6◦ C. The sums from January to March were found most influential
whereas temperatures only had very little influence on the date of the bloom. The higher the
accumulated heat sum until the end of March, the earlier the blooming starts. Concerning
wild cherry cultivars17 the result are very similar.
Eventually, phenological and plantphysiological studies were caried out for the northernmost
cherry cultivating area in the Norwegian fjord region (59◦ 4’ N) (Vestrheim 1998). During the
period 1958 to 1997 several cultivars were examined to predict the date of blossoming as well
as obtain knowledge of climatic effects on flower bud and flower development. Comparisons of
the balloon stage (opening of the first flower; mean date is May 15) with several temperature
17

namely: ’Fanal’, ’Morellenfeuer’, ’Schattenmorelle’
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means showed that the highest correlation was received with mean March–April temperatures
( – 0.81◦ C). As in Germany, the differences between the sweet and sour cherries are minimal.
Vestrheim (1998) notes the minimal differences in reactions with respect to precipitation.
The cherry tree Prunus avium was also observed in NE Spain (see Sections 1.2.1 and 1.2.3).
It was classified as an ’agricultural’ plant. The observer noted the day of full flowering of
six different trees around the village where he lived and when he considered ’the whole set of
these trees could be considered fully flowered’ (Peñuelas, personal communication). From these
observations the calculated mean date of flowering is March 28 (doy 87). In the period 1952–
2000 the trend towards earlier flowering has advanced by 14.0 days (p < 0.01). Correlation with
influencing monthly mean temperatures showed the average January–April was highest with
a negative correlation of r = – 0.77. Correlation with February temperatures only indicated
almost the same correlation.

Chapter 2

Objectives
In the context of environmental history, the cherry tree flowering is directly related to agrarhistorical questions. The beginning and length of the growing season was an important factor in
food production long into the history of modern times. The value of historical records can be
assessed by comparison with statistical methods.
This interdisciplinary study focuses on the compilation and homogenization of a composite
series of observations of the cherry tree (Prunus avium). Observations from various sources
for the period 1721 to 2000 are assembled into one series representing the extended Swiss
Plateau Region from Bern in the west to Schaffhausen in the east. The chosen phenological
state – flowering of the cherry tree – represents the beginning of the flowering season as one
of the first trees to bloom in spring. The 280-year series is assembled by the integration of
14 different sources of cherry tree observations. The main question in this context is the
assessment of the homogeneity of the data. This is one of the most challenging questions
for traditional phenological research based on network observations. In order to extend the
network observations with existing historical observations, comparisons between the two types
of data are applied for overlapping periods.
As mentioned in Section 1.2.2, meteorological parameters influence plant phenology. By applying statistical methods the quality of the observations is assessed. It has been found that the
mean monthly February to April temperatures are the most influential factor on the flowering
date in the study area chosen. As Pfister (1984) and Figure 1.1 point out: phenological events
or plants in general depend on weather patterns as temperature, precipitation, insolation and
wind. ’The plant is therefore, put in simple words, a living instrument that pictures the
integrated climate’1 . But secondary influences such as peculiarities of location, cultivar or individual plants cannot be disregarded. ’A plant is always more than a thermometer. It always
reflects the environment of a location as a whole.’ (F. Jeanneret, personal communication).
1

’Die Pflanze ist somit, vereinfacht gesagt, ein lebendes Instrument, welches uns das Gesamtklima anzeigt.’
(Pfister 1984)
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Focus Questions:
The following main questions are listed for analysis and discussion in this study:
1. From a phenological point of view, is it possible to integrate independent observations
from different sources into a 280-year composite series of cherry tree flowering dates?
2. From a climatological point of view, is it possible to reconstruct the cherry tree flowering date from temperature measurements by means of a multiproxy, linear regression
model? Do the changes in the flowering date reflect the changes of the climate parameter,
temperature?
3. From a historical point of view, what is the contribution of historical methodology to
the analysis and interpretation of phenological observations?
4. In conclusion, what can historical phenology contribute to an interdisciplinary understanding of climate and ecosystem change both froma scientist’s point of view and the
general public’s?
The introductory chapter presented basic concepts of phenological analyses. A review of
results from influencing works from biological, historical and climatological points of view
were collected in order to formulate the three focus questions. The following chapter presents
the data and methods. The collection of observations are compared to the input data of the
statistical modeling of the cherry tree flowering date for the same period. Thereafter results
of the assemblage of observations are presented as well as the model results. The discussion
of results will focus on the comparison of different phenological observations, the comparison
of observed and reconstructed flowering dates and imbed it into the framework of recent
literature. Eventually, the main findings are presented in a summary.

Chapter 3

Data and Methods
This chapter describes the study area of the extended Swiss Plateau Region where most of
the phenological observations and climatological data are from. The section on phenological
observations describes the different sources that are combined into a continuous 280-year
composite series. Furthermore, independent observations are described. composite series and
additional data are then compared for controlling purposes. In addition, the comparison
with temperature measurements of the Swiss Meteorological Network and a set of European
temperature stations are used for futher assessment.
The method section describes tools that are applied to the observed as well as the reconstructed
data. It is structured into two parts where the first part deals with basic homogenisation
methods to generate the observed mean series. The second part describes the selection process
of temperature data for comparison, the calibration and verification methods for the statistical
reconstruction.

3.1
3.1.1

Data
Study Area

The study area includes the German speaking part of the extended Swiss Plateau and the
Basel region. The area comprises a plain to subalpine region in the range of altitude between
300 and 800 m a.s.l.. The area boundary was selected after the following criteria: The Alpine
slope in the South and the Jura mountains in the Northwest are the natural borders. The
western border is limited to the language boundary, which is reflected in the historical sources.
The northern and eastern borders are defined by political boundaries of the Swiss confederation and also related to the availability of the historical sources. The historical observation
record from Glarus, which lies in the bottom of a subalpine valley was included to fill in the
composite series (see Section 3.1.2). Several phenological observation records stem from the
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Basel region North of the Jura mountains. This leads to a spatial definition of the study area
similar to the climatological regions in Schüepp et al. (1978)1 . Defila (1991) applied a similar
classification for phenological regions in Switzerland. The regions are defined after altitude
and corresponding delay of phenological phases. Region 2 in Defila (1992) is used with the
exception of data from the western, French-speaking part of Switzerland.

Figure 3.1: Topographical map of Switzerland. Boundaries of the study area: Alpine slope in
the South; Jura mountain range in the Northwest; political border of the Swiss confederation
in the North and in the East; language border in the West. Phenological observations for
the composite series (red dots), for the additional series (green squares) and of the Swiss
Phenological Network (yellow triangles).

3.1.2

Phenological Observations

The data that contribute to the composite observation series of cherry flowering dates for the
extended Swiss Plateau Region come from various sources. A chronological list of the different
sources, length of the period, number of years, site, altitude and the name of the observer –
if known – are presented in Table 3.1 (additional source information in the Appendix). The
1

Schüepp et al. (1978) divided Switzerland into seven climatological regions. This study refers to regions 3
(Jura and its Northern slope) and 4 (central and eastern middleland).
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observations are given as the number of julian days until the event starting from 1 January
(1–365 or 366 for leap years. The location of the sites is shown in Figure 3.2. The contributing
records for the composite series were selected by the following criteria: First, the availability
defines the time range of the study period as well as the spatial domain. The oldest observation
series starts in 17212 . Most observations stem from the Swiss plateau region with three
exceptions3 (see next paragraph). Second, the longest continous series were selected. If two or
more records were overlapping, the longer series was chosen since it is shown in the following
sections that a change in observer introduces a inhomogeneity. Thirdly, only one flowering
date per year was used. Subperiods 11 and 14 (see 4.6) are the exceptions where a mean date
representing one year was used4 . The quality of the network observations is difficult to assess
because the metainformation is not part of the record. Only site location and observation
date are available. Guidelines assure the comparability of the phenological phases observed.
The lengths of the contributing subperiods vary between 57 years from Liestal (Table 4.6,
Nr. 13) and 2 years from Glarus (Table 4.6, Nr. 4). Three exceptions were used in order to
complete the series: Glarus (Table 4.6, Nr. 4, 6) is situated in an alpine valley where mountain
effects such as the Foehn can strongly influence the local climate especially in spring months
(Pfister, pers. comm.). This site is not completely representative for the spatial definition.
However, it was included to complete the series. Furthermore, several places from the Basel
area were included such as Basel (Table 4.6, Nr. 10) and Liestal (Table 4.6, Nr. 13). The Jura
mountain range separates the region from the Swiss Plateau. For a total of 41 years in two
periods, no cherry observations were available. During these periods (Table 4.6, Nr. 2 and
9) cherry tree blooming dates were substituted by phenological events of the appearance of
first vine buds and the first bloom of vine (see Jones and Davis 2000, Souriau and Yiou 2001
and Strömmer 2003 for vine phenology). The entire composite series 1721–2000 has only two
years of missing phenological observations (1842, 1844). The gaps were filled with the overall
mean 1721–2000 of doy 114.

2

Observations from single years are known from the Medieval Ages, but not continued (Pfister 1984).
Glarus, Basel and Liestal
4
For period 11 (Canton of Berne) the observations come from the Network of Forest Phenological Observations (Vassella 1997). The data allowed to calculate an average value for a larger area. No single observation
is available for this period. Period 14 is based on observations from the Swiss Phenological Network from
1951–2000. Definitions of the phenophase as well as the place information is known for both networks.
3

Period

1721–1738
1739–1765
1766–1784
1785
1786–1802
1803–1818
1819–1827
1828–1838

1839–1853

1854–1874
1875–1880

1881–1893
1894–1950
1951–2000

No.

1
2
3
4
5
6
7
8

9

10
11

12
13
14

13
57
50

21
6

15

18
27
29
1
17
16
9
11

Years

Schaffhausen
Liestal
Swiss Plateau

Basel
Bern State

Zollikon

Winterthur
Zollikon
Gurzelen
Glarus
Sutz BE
Glarus
Bern
Lenzburg

Site

400
320
370–860

259
275–812

480

442
480
591
472
463
472
540
405

Altitude

Huber
Network of Phenological
Forest Observations
Streckeisen
Heinis
Swiss Phenological
Network

NN

Rieter
NN
Sprüngli
NN
Sprüngli
NN
Studer
NN

Observer

mean values

mean values

1831 substituted with
first vine bloom at Zollikon
first vine bloom at Zollikon;
1842 and 1844 interpolated

first vine bud at Zollikon

Comments

1984
1984
1984
1984
1984
1984
1984
1984

Pfister 1984
Pfister 1984
Defila 1992

Pfister 1984
Vassella 1997

Pfister 1984

Pfister
Pfister
Pfister
Pfister
Pfister
Pfister
Pfister
Pfister

Source

Table 3.1: Data for the composite series of cherry tree flowering date. Period, location and observers of the full bloom of the cherry
tree for the extended Swiss Plateau Region. Series in italics are substituted with other phenological phases (see texr details). NN = not
known.

34
CHAPTER 3. DATA AND METHODS

3.1. DATA

35

Schaffhausen
#
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Basel
#
S
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S

#
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Liestal
#
S

#
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Sutz
# Bern
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Winterthur
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#
S

Glarus

#
S
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W
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200 Kilometers

E
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Figure 3.2: Sites for the composite observation series of the cherry tree flowering in the
extended Swiss Plateau region; periods with mean observation dates are not plotted (Nr. 11
and 14); see Table 3.1 for details.

Metainformation about the observers is important when it comes to the analysis of documentary data. Three categories of observers can be distinguished. First, there are records
where little or no information is available of the observer (Table 4.6, Nr. 2, 4, 6, 8, 9, 12).
In a second category biographies of the observers are only fragmentarily known or not at all,
but indirect information about the observation methods exists (Table 4.6, Nr. 7, 10, 11, 14).
Especially in the case of the observation networks (Table 4.6, Nr. 11, 14) guidebooks with
precise descriptions of phenophases secure a degree of objectivity and quality (Pfister 1984,
Defila and Clot 2001). The third category consists of detailed biographies (Table 4.6, Nr. 1, 3,
5, 13). The sources have already been analysed, verified and tested (e.g. Pfister 1975, Pfister
1984, Pfister 1995).
The integration of phenological observations poses problems of the exact definition of a phenological phase. The contributing subperiods reveal, though, differences in the definition of
the phase and pose problems for comparability. An important question that has caused much
debate amongst phenologists is how to compare phenological records from different observers.
This includes the comparability of different species, cultivars and phenological phases. The
question is always raised and discussed among phenologists even in analyses of homogenised
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20th century network observations. The definitions of a phenological phase are harder to find
in historical observations than in network observations where guidebooks try to homogenize
the data from the beginning.
For this study, the observations were defined as ’flowering of the cherry tree’. This definition
includes the range between the first flower appearing or ’balloon stage’ after Vestrheim (1998)
to the beginning of full bloom (about 50 % of the flowers open). Within this range, there is a
variety of definitions. Historical phases (Table 4.6, Nr. 1, 3, 4, 5, 6, 7, 8, 10, 12; from Pfister
1984) were recorded and categorized as the ’first bloom of the cherry tree’. This definition
implies roughly 5 to 25 % of flowers open. The Bernese Forest Phenology Network (Table 4.6,
Nr. 11) recorded the ’general blossoming’ of the cherry. This happens with a time-lag of a
couple of days to several weeks from the beginning of flowering (Vassella 1997). The Swiss
Phenological Network recorded the ’full bloom of the cherry tree’ which implies roughly half
of the blossoms are open.
Observations not included in the composite series were used for comparisons (see Table 3.2
and Appendix for an overview). Among these data are the observations of Jakob Korradi,
farmer and county clerk at Oberneunforn (TG) (Table 3.2, Number A, further biographical
information in Appendix). Christian Röthlisberger, medical doctor at Grossaffoltern (Bern),
provided us with a 24-year long record of the beginning and the full bloom of the cherry at
Grossaffoltern from 1978–2000 (Table 3.2, Number E, Appendix). Markus Eugster sent his
observations of the cherry tree he made at Uzwil SG for additional comparisons (Table 3.2,
Number F). Finally, the record of an unknown observer at St. Léonard (VS) was used for the
discussion of independent observations (Table 3.2, Number G, B. Clot, pers. communication)
In addition, observations from the Swiss Meteorological Observations (SMB)5 were digitized
for the period 1864–1873 (1872 missing, Table 3.2, Number B). Observations were available
from many meteorological stations covering all of Switzerland. For the analysis only stations
north of the Alps below 869 m a.s.l. were selected. The selection follows the criteria of the
Swiss Phenological Network from 1952–2000. In the SMB-network, phenological observations
were collected beside meteorological measurements. The phenological observations were added
in a column with note and summarized in phenological tables. A wide variety of plant species
were recorded. The editor of the yearbook, Rudolf Wolf, did not include a table with definitions
of the phenological phases. The number of observations of the flowering of the cherry alone
ranged between 12 and 29 per year for six out of nine years. Furthermore there are many
phenological observations in the Canton of Schaffhausen. The series recorded in the town
of Schaffhausen is included (Table 3.2, Nr. 12) whereas observations from Lohn and Hallau
(Table 3.2, Number C, D) were used for comparisons. Uehlinger (2001) lists the names of the
observers6 but does not include any definitions of the phenological phase of the cherry tree.
5
6

Schweizerische Meteorologische Beobachtungen
Streckeisen at Schaffhausen, Läuchli at Lohn, Huber at Hallau
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After 1951 the mean flowering date of the observations by the Swiss Phenological Network was
used. The definition of the phenophase ’full bloom of the cherry tree’ includes the time ’when
roughly half of the blossoms are open’ (Primault 1971). This definition implies a rather late
date noted. Figure 3.4 (left) shows an example from an early guidebook (Primault 1971). The
drawing of P. spinosa indicates to the observer the stage when the date of the phenological
state is to be recorded. Figure 3.4 (right) gives the picture of the new guidebook introduced
by MeteoSwiss in 2003 (Brügger and Vassella 2003).
%
U

Lohn

Hallau U
%
%
U

Oberneunforn
%
U

Uzwil

%
U

Grossaffoltern

Saint-Léonard
%
U

N
W

0

100

200 Kilometers

E
S

Figure 3.3: Sites for additional observation series of the cherry tree flowering in the extended
Swiss Plateau region; see Table 3.2 for details

Period

1862–1873
1864–1873
1881–1932
1881–1940
1977–2000
1989–2000
1976–2000

Number

A
B
C
D
E
F
G

12
11
35
60
24
9
25

n

Oberneunforn
Switzerland
Lohn SH
Hallau SH
Grossaffoltern
Uzwil
St. Léonard (VS)

Site
470
200–860
640
430
520
560
505

Altitude
Korradi
SMB
Läuchli
Huber
Röthlisberger
Eugster
not known

Observer
mean values

Comments

not published
Wolf 1873
Pfister 1984
Pfister 1984
Röthlisberger, pers. communication
Eugster, pers. communication
B. Clot, MeteoSwiss, pers. communication

Source

Table 3.2: Data for additional cherry tree observations not implemented in the composite series. n = Number of observations, NN =
not known.
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Figure 3.4: Example of a figure of a phenological phase in the guidebook handed out to the
observes of the Swiss Phenological Network (left: Prunus spinosa in Primault 1971, right:
Prunus avium (drawing by Nicole Näf in Brügger and Vassella 2003))

3.1.3

Climate Data

Findings in the literature point out that temperature is the most influential climatic parameter
on spring phenophases (see Section 1). For the assessment of the flowering date of the cherry
tree, the phenological data were compared with climatological data. Two temperature data
sets were used. First comparisons for the 1951–2000 period were conducted with measurements
of the meteorological observation network run by MeteoSchweiz (former SMA). Three stations
with continous records were selected (Zürich SMA, St.Gallen, Bern Liebefeld). Zürich SMA
was chosen as the representative temperature station for the Swiss Plateau Region.
As predictors for the statistical reconstructions of the cherry tree flowering date, a set of observed temperature measurements were chosen (see Luterbacher et al. 2002a and Luterbacher
et al. 2002b for details). Precipitation and pressure data were not considered. The number of
predictor stations varies from year to year but increases over time. From the monthly mean
values different combinations were calculated with arithmetic means.
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3.2
3.2.1

Methods
Compilation of the Cherry Tree Observation Series

In order to create a 280-year composite observation series of flowering dates, the records
needed to be homogenised. Inhomogeneities in station series arise due to a number of issues,
for example differences in altitude, missing years of observations and the changes in definitions
of the observed phenological phase. As described in Section 3.1, the observers of the historical
observations did not have a guidebook with defined phenological phases. As the differences
between the beginning of flowering and the full flowering vary distinctly for the periods when
both dates were available, dates were not corrected. The correction of the dates was neglected
because of uncertainties in the definition and the rather fast advancement of the flowering
of cherry trees. It is known from recent physiological analysis of the cherry tree that the
differences become shorter in years with later flowering dates whereas years with early flowering
dates the time between the two phenological phases are longer (Blasse and Hofmann 1993).
All definitions and observations range between the opening of the first blossom and the time
when roughly 50 % of the blossoms are open and the tree seems to be full of flowers for the
observer.
On the other hand there is a clear dependence of the flowering date on altitude. Linear trends
of flowering dates against altitude have shown in various series from 1864 until 2000 that a
gradient can be drawn of 2.5 days of delay per 100 meters of rising altitude. Calculations
using Swiss Phenological Network observations show that this gradient becomes greater above
650 m a.s.l.. With increasing altitude the gradient reaches about six days per 100 meters
in the Basel area as well as in the Northern Alps (Canton Uri) and in the Southern Alps
(Canton of the Grisons, Bider 1960). Therefore the flowering dates were corrected with this
gradient to a reference level of 550 m a.s.l. This altitude represents the median altitude7 of
the observations of the Swiss Phenological Network (Table 4.6 Nr. 14) as well as the altitude
of the meteorological station of Zürich-SMA (see Section 3.2.2).
The two significant gaps (Table 4.6, Nr. 2 and 9), in cherry tree observations were substituted
with phenological observations of vines at Zollikon. This site lies within the Swiss Plateau.
The first vine bud as well as the beginning of flowering were recorded from 1731–1832 and
1731–1866, respectively, with several years missing. With the exception of two years, the gap
in the cherry observation records could be filled by comparing the mean of the two vine phases
with the mean of the flowering of the cherry tree at Sutz (Nr. 5). For this period, 17 years
of overlapping observations are available for all three phenophases. In addition, the different
plant species were compared by calculating correlation coefficients to assess the differences in
variance. The comparison during the period 1786 to 1802 showed mean dates of April 21 for
the flowering of the cherry tree at Sutz (doy = 111), first vine bud on April 17 (doy 107) and
7

Arithmetic mean altitude is 570 m a.s.l.
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the beginning of the flowering on June 6 (doy 158). Correlation coefficients between the cherry
phase and the first vine bud and the beginning of flowering were r = 0.68 (p = 0.002) and r
= 0.28 (p = 0.27), respectively. Thus, the first vine bud at Zollikon can explain 46 % of the
variance of the flowering of the cherry tree at Sutz whereas the beginning of the flowering of
the vines can explain less than ten % of the cherry tree variance. Comparing mean dates of the
respective phenological phase, the first vine bud was integrated into the composite series by
adding four days8 to the yearly value for period 2. For period 9, the beginning of the flowering
of the vine is the closest phenological phase which is available from historical records. Even
though the difference of the mean is 47 days and the difference in variability between the
series is high, the series had to be chosen to complete the observation series9 . The beginning
of flowering is not strictly representing a spring phenophase, either.
For period 12, the observations from Schaffhausen were chosen after comparing the series with
three other records (Nr. 13, C and D) during the period 1894–1932. Correlation coefficients
were calculated to assess the similarities in variability10 . In addition, calculating a moving
correlation coefficient with an 8-year time-window. The series of Schaffhausen showed best
results with only two insignificant values for the 39-year period (significance level of 95 %).
The observations for Period 1311 were not corrected for height but with comparisons of mean
values. The single observations at Liestal overlap with the observations on the Swiss Phenological Network for the period 1951–2000. High correlation and well known site location
justified the methodical change in the correction of observations12 .

3.2.2

Selection of Temperature Data

Zürich-SMA was selected as the most representative station. The altitude of the station (550
m a.s.l.) is close to the mean altitude of the phenological observations for the corresponding
period 1951–2000. In addition, it represents the median altitude of the phenological obeservation sites. For comparison, Zürich-SMA was tested by comparing daily temperature measurements for January to April over the period 1951–2000 with other stations Bern-Liebefeld, St.
Gallen, MeanZürich, Bern, St. Gallen. On a monthly basis, the single stations were compared to
the mean of all stations by calculating a set of correlation coefficients. In general, correlation
between single stations ranged between 0.9 and 0.97. Correlations between single stations and
8

Vine dates were corrected by adding the mean of the differences to the observation.
The beginning of the flowering of vines at Zollikon is the only available source for this period. Phenological
observations are generally very sparse during the 1800s (Pfister, personal communication)
10
rLiestal, Schaffhausen=
0.86,
rLiestal, Hallau=
0.79,
rLiestal, Lohn=
0.64,
rLiestal, mean Schaffhausen, Hallau, Lohn= 0.8
11
Liestal from 1894–1950
12
see Section 4.1.2 and Chapter 5
9
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MeanZürich, Bern, St. Gallen was higher ranging between 0.97 to 0.9913 . The highest correlation was MeanZürich, Bern, St. Gallen and Zürich. It seemed reasonable to select Zürich as the
representative temperature station for its location in the center of the Swiss Plateau region
statistically representing the February–April monthly mean temperatures

3.2.3

Comparison of Temperature and Flowering Date

Based on the findings in the previous section, monthly and several seasonal temperature
combinations of the representative station were compared with the flowering of the cherry
tree (see Table 3.3).
For the periods 1951–2000 and 1978–2000, monthly mean temperature are more negatively
correlated with the phenological observations at Liestal, Grossaffoltern and the Swiss Mean
the closer they are to the flowering date. March shows the highest negative correlation of
single months whereas April in all cases has a lower negative correlation with the flowering
date because the mean flowering date is in the beginning of this month. Different combinations
of monthly mean temperature show a similar pattern of increasing negative correlation: The
periods tested were January–March, January–April, February–March and February–April. In
general, the negative correlation coefficients increase in this order14 . Over all, the 3-months
period February–April seems to have the highest influence of all temperature combinations
tested on the flowering date of the cherry tree. Highest negative correlation shows the LiestalSeries with r= – 0.88 followed by SwissMean (r= – 0.82) and Grossaffoltern (r= – 0.78). All
three phenological series tested against the temperature showed the same pattern with the
exception that the January–April period had a higher correlation with SwissMean.

3.2.4

Statistical Reconstruction of the Cherry Tree Flowering Date

Based on the relationship of the flowering of the cherry tree with averaged temperature of the
preceeding months shown in the previous sections, the flowering date has been statistically reconstructed. The statistical reconstruction is based on a linear regression model (Luterbacher
et al. 2002a). Predictors are February–April monthly mean temperature from a variety of
European stations. Predictand is the mean flowering date of the cherry tree derived from the
Swiss Phenological Network observations in the Swiss Plateau region (see Figure 4.1). Over
the period 1951 to 1995, empirical orthogonal functions (EOFs) explaining 90 % of the variance
of the station temperature data were extracted from the data set. With this method the significant station information is extracted and the relevant information is separated from station
13

The fact of depence in the data compared is considered. As all three stations contribute to the mean
values, it seemed reasonable to assess the respective common variability
14
Correlations of temperature periods with the Swiss Mean observations are highest when April is included
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Table 3.3: Pearson correlation coefficients between the flowering of cheery tree and different preceding temperature periods. Feb–Apr selected for statistical reconstruction in italics.
Sites: Lie = Liestal, SwissMean = Mean flowering date of the Swiss Phenological Network,
Gross = Grossaffoltern. n = Number of correlated years. Significance at 95 % Mean
temperatures: TJan = January, TFeb = February, TMar = March, TApr = April, TJan–Mar
= January–March, TJan–Apr = January–April, TFeb–Mar = February–March, TFeb–Apr =
February–March
Phenological n
Series
Lie
50
SwissMean 50
Gross
23

Temperature periods
TJan

TFeb

TMar

TApr

TJan–Mar

TJan–Apr

TFeb–Mar

TFeb–Apr

- 0.16
- 0.18
- 0.14

- 0.63
- 0.53
- 0.53

- 0.79
- 0.60
- 0.67

- 0.23
- 0.53
- 0.22

- 0.81
- 0.66
- 0.66

- 0.83
- 0.79
- 0.71

- 0.87
- 0.69
- 0.72

- 0.88
- 0.82
- 0.78

noise. The selected stations were then regressed against the Swiss Mean cherry tree flowering
series 1951–1995. Due to the time-varying database of the predicting station temperature
series, 88 regression models had to be developed. These regression equations from the 1951–
1995 period were applied to the corresponding predictor variables for the period 1721–1950 in
order to derive the mean flowering date for the Swiss Plateau region. The model performance
was assessed by splitting the period in a 30-year calibrating and a 15-year verifying periods
(Verification periods: 1951–1965, 1981–1995). For a detailed mathematical treatment of the
reconstruction method, the reader is referred to Luterbacher et al. (2002a).

3.2.5

Comparison of Observed and Reconstructed Flowering Dates

To assess the composite homogenised observation record, it was compared with the statistically
reconstructed flowering date based on European temperatures. Common variability is assessed
by correlation analysis. This method expresses common variability of pairs of observation in
relation to the product of each observations standard deviation. Systematic bias is analysed
by comparison of mean flowering dates for the respective subperiods. Significance is calculated
using Student’s t-test.

Chapter 4

Results
This chapter presents the results of the statistical analyses. The results appear in chronological
order following the steps of the work and build up on results of preceding sections. All
phenological observations refer to the flowering of the cherry tree. The study area is the
extended Swiss Plateau region as defined in the pervious chapter.

4.1
4.1.1

Processing and Comparison of Phenological Observations
Calculation of Mean Series

Two periods of the composite observation series (Table 4.6, Periods 11 and 14) consist of mean
flowering dated based on phenological network observations. Thus, several observations per
year contributed to a mean flowering date for the respective period. Arithmetic mean values
were calculated for the respective years. The observations of the single stations of both series
were not corrected for altitude before averaging.
The data for the Bernese Network of Phenological Forest Observations (Figure 4.2, Table 3.1,
Nr. 11) was averaged for all the available years from 1869–1882. The number of stations
during the period 1875–1880, that contribute to the composite series, varies between 19 and
25 stations. The mean flowering date for the period contributing to the observation series
is May 8 (doy 128) with a standard deviation of 11 days around the mean date. The total
number of observations is 139 for this subperiod. Mean altitude is 658 m a.s.l. with a range
of the single stations between 410 to 840 m a.s.l.. All sites are in forest areas. Considering
the period 1869–1882, the mean date is five days earlier (doy 123) with a standard deviation
of 10 days. The total number of cherry tree observations is 268 with a mean site altitude of
655 m a.s.l..
The data from the Swiss Phenological Network is averaged into a mean series for the period
1951 to 2000. The location of the available stations is shown in Figure 4.1a. The range of
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Figure 4.1: Location (top) and number of observations (bottom) from the Swiss Phenology
Network 1951–2000.
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Figure 4.2: Number of stations per year with observations from the Bernese Network of
Forest Phenological Observations 1869–1882.

altitude in the 21 stations varies from 370 m a.s.l. at Diessenhofen TG to 860 m a.s.l. at
Wyssachen BE with the median station, Zürich-Albisgüetli, at 525 m a.s.l. The selection
of the stations and definitions of the phenophases is according to the regional classification
and definitions in Defila (1991). Not included are the stations of Western Switzerland for
reasons of comparability with the available historical observations. The stations lie between
the prealpine mountain slope and the Jura mountain range. The area includes hilly regions
as well as wide valleys. The number of observations is increasing over the period (see Figure
4.1b). After 1970, the number of observations exceeds 16 whereas the number is lower before.
The Swiss Mean series 1951–2000 shows high yearly and decadal variability (see Figure 4.3).
The mean flowering date is recorded on April 24 (doy 114) with a standard deviation of one
week (s = 6.88). The latest flowering day is calculated from the reported observations for May
7 1970 (doy 127) followed by May 6 1979 (doy 126) and May 5 1986 (doy 125). The erliest
flowering days are noted for April 8 1961 (doy 98), for April 13 1974 (doy 103) and April 14
1957 (doy 104). With the exception of 1992, all calculated mean values for the period 1989
to 2000 are earlier than the mean for the whole period 1951–2000. On the other hand, the
preceding decade 1978 to 1988 only had one year (1981) with a calculated earlier flowering
date than the longterm average.
The filtered bold line in Figure 4.3 shows the decadal trends in the flowering date with generally
earlier flowering dates in the 1970s and 1990s and later dates in the 1980s. The 1960’s decade
does show somewhat of a shift towards later blooming whereas the 1950s are characterized by
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a high variability including the earliest flowering date of the calculations. Important fact is the
lower number of averaged stations before 1970 which partly contributes to higher variability.
Calculating a linear trend over the whole period neither shows a shift towards an earlier nor a
later flowering in this period. The trends for the period split in half (1951–1975, 1976–2000)
show an insignificant delay with high variability in the residuals for the period 1951–1975.
For the last quarter of the century, a significant trend towards earlier flowering of four days
per decade (p < 0.009) is calculated. Both trends are derived from the slope coefficient of the
fitted linear regression model to the data.
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Figure 4.3: Series of observations of the Swiss Phenological Network 1951–2000. 9-year
triangular mean (bold line)

4.1.2

Comparison of Different Phenological Observations

The comparison of the mean network observations with single observation records reveals
similar interannual variability in all three series for single years (Figure 4.4). The Swiss Mean
series 1951–2000 is significantly correlated with the Liestal series for the corresponding period
with r = 0.79 (p < 0.001). The mean of the flowering date is April 24 (doy 114) for Swiss
Mean and April 11 (doy 101) for Liestal. For comparison reasons the Liestal observations were
not corrected. The Liestal series reveals a linear trend towards earlier flowering of 2 days per
decade (p < 0.01; F-test).
The comparison between all three available series for the period 1978–2000 shows that variability is comparable in all three observation series (see Table 4.1). Correlations for the
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Figure 4.4: Comparison of different phenological observations. Mean of the Swiss Phenological Network (Swiss Mean; continous thick line), single observations at Liestal (dotted line)
and Grossaffoltern (dashed line)

23-year-period are all significant at a 99 % level. The correlation coefficients between Liestal
and the two sites in the Swiss Plateau area is lower than the correlation between the later two.
The comparison of the mean values shows that the Swiss Mean and Grossaffoltern have in
average a similar flowering date with April 25 (doy 115) and April 24 (doy 114), respectively,
whereas the flowering at Liestal is in average more than 2 weeks earlier (April 9 or doy 99). In
addition, there is the fact that the interannual variability is higher in the single observation
series at Liestal and Grossaffoltern in comparison to the Swiss Mean series.
Other comparisons between different phenological observation series show similarly that the
variability is well represented. Overlapping independent observations are available for the
period 1881 to 1940 for the Schaffhausen region and at Liestal (Figure 4.5)1 . The mean
values for 1881–1940 calculated from the available observations for each series ranges between
April 16 (doy 106) and April 20 (doy 110) for the observations in the Schaffhausen area, the
mean at Liestal for the available years after 1894 is on April 14 (doy 104). Comparisons
of the variability by means of correlation coefficients show that the interannual variability
corresponds fairly well between the Liestal-Series and the stations in the Schaffhausen area.
The correlation coefficients range between 0.65 with Lohn and 0.86 with Schaffhausen (all p
1

Available series: Observations for Schaffhausen, Lohn SH, Hallau SH and Liestal. Due to a large number
of missing values, Schaffhausen was chosen with the best correlation with Liestal as well as lowest number of
missing values.
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Table 4.1: Pearson correlation coefficients and mean flowering date [doy] of the independent
phenological observation series for the period 1978–2000. Swiss Mean = mean of Swiss Phenological Network. Independent observations come from Liestal and Grossaffoltern. Significant
at 99 % level.

Swiss Mean
Swiss Mean
Liestal
mean

115

Liestal

Grossaffoltern

0.78

0.91
0.87

99

114

< 0.001). Thus, Schaffhausen was chosen for the composite series for period 12 (Appendix
Table 3.1). Correlation between Schaffhausen and Hallau is 0.95, between Schaffhausen and
Lohn 0.87, respectively, for 1881–1940.
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Figure 4.5: Comparisons of different phenological observations at Schaffhausen 1880–1940.
The continous bold line represents observations at Liestal. The dashed black line represents
observations at Schaffhausen (Table 3.1, Nr. 12), dotted lines are the observations at Lohn
and Hallau (Table 3.2, Nr. C, D).

For the period 1864–1873, overlapping observations are available from Basel and the Swiss
Meteorological Observation Network (SMB, Wolf 1873). The mean flowering date for Basel
and SMB are April 17 (doy 107) and April 18 (doy 108), respectively. Comparison of the
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variability shows a correlation coefficient of r = 0.65 (n = 9). Furthermore, the observation
series of Oberneunforn was compared with the composite series observations at Basel for the
period 1862–1874 (n = 12 years, 1 year missing). Comparisons of the mean values show
almost identical flowering dates for Oberneunforn and Basel on April 16 (doy 106) and April
18 (doy 108), respectively, for the corresponding period. Based on 11 years of common data
1862–1874, the correlation coefficient of r = 0.82 describes the common variability of the two
series.

4.2
4.2.1

Compilation and Reconstruction of Phenological Series
Compilation of a Composite Observation Series

Figure 4.6 shows the compilation of the composite series of the flowering of the cherry tree
for the extended Swiss Plateau region from 1721–2000 based on 14 observation periods (Table
3.1). Only in 1842 and 1844, there are no observations available. The mean observed flowering
date for the period is April 21 (doy 111). The standard deviation of the flowering dates is s
= 10 days. Strong interannual variability characterizes the series. It is increasing towards the
the beginning of the series in 1721. Extreme values increase as well in the beginning of the
series. Extreme events are defined as dates exceeding the two standard deviation range during
the observation period. Three out of six of the observations of late flowering dates and none
of the early flowering dates are observed in the 20th century. The latest flowering date in the
observations series is recorded on May 23 (doy 143) 1740. This date is followed in decreasing
order by May 18 (doy 138) in 1917, May 16 (doy 136) in 1929, May 15 (doy 135) in 1853
and May 14 (doy 134) in 1843 and 1932. The earliest flowering date in the observation series
is recorded on March 21 (doy 80) in 1759. All the other extreme years are recorded for the
18th and 19th century with March 23 (doy 82) in 1830, March 26 (doy 85) in 1722, March 27
(doy 86) in 1753 and March 31 (doy 90) in 1826. Note that the extreme observations in 1740,
1753, 1759, 1843 and 1853 are substituted observations of vines. The earliest observation
from 1950–2000 is recorded on April 8 (doy 98) in 1961. Several early years, though not in
the defined range of extreme observations, are recorded for 1989 until the end of the record
with three observations for April 15 (doy 105) for 1989, 1990 and 1997.
Extracting extreme 7-year mean subperiods from the record reveals slightly different findings.
The two standard deviation of the 7-year mean subperiods defines the range between April
11 and May 5. Five out of seven mean values for late flowering subperiods are in the 20th
century. May 8 (doy 128) is recorded for the period 1930-1932 and 1877–1878. In 1929 and
1933 the period means are calculated for May 6 (doy 126) and May 5 (doy 125), respectively.
The following periods were calculated for early extreme periods: April 8 (doy 98) for 1759
and 1760, April 9 (doy 99) for 1761, April 10 (doy 100) for 1758, 1735 and 1862, and April 11
(doy 101) for 1734, 1762, 1864–1866 and 1871. For the 20th century, the earliest 7-year mean
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period is recorded for 1906–1961 on April 19 (doy 109). The 1990s show little change with
means between April 21 and 23 (doy 111 and 113).
No autocorrelation was found within the observation series. In summary, the mean flowering
of the cherry tree in the extended Swiss Plateau region from 1721 to 2000 is on April 22. The
composite series of homogenized flowering dates of the cherry increases in variability towards
the beginning of the series, overall the standard deviation is ten days. Extreme values also
appear more frequent in the earlier part of the series than in the 20th century.
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Figure 4.6: Composite phenological observation series of the cherry tree flowering date for the
extended Swiss Plateau region 1721–2000. The bold line represents a 9-year triangular filter.
The solid horizontal line represents the 1721–2000 mean of April 21, the dashed horizontal
lines represent the 2-standard deviation range of +/- 20 days including 95 % of the flowering
dates.

4.2.2

Comparison of Phenological Observations with Temperature Data

For the period 1951–2000, the flowering dates of the cherry tree were compared with mean
monthly February–April temperatures (see Table 3.3). As phenological data, the observations at Liestal were used. As temperature data, Zürich-SMA is used. Figure 4.7 shows the
deviations from the 1951–2000 mean for phenological and temperature measurements. The
correlation between the flowering date and the temperature mean is negative with a coefficient
of r = – 0.88 (p < 0.001) for the whole period. For years with high temperatures the flowering
date is early, with cool February–April conditions the flowering date is late. Calculating linear
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trends for both parameters reveals that the trend towards spring warming of 0.2◦ C is reflected
in a simultaneous shift of earlier flowering of two days per decade.

30

Similarly, a figure is drawn for the study period 1721–1995 when temperature values are
available from the gridded data. Figure 4.8 shows the deviation from the 1721–1995 mean
the homogenised flowering date of the observed composite series and a February–April mean
temperature value for the corresponding region (Luterbacher et al. 2002b). The latter were
averaged from ten gridpoints (47◦ –47◦ 30’N, 7◦ 30’–9◦ 30’E). The relationship between temperature is seen for the entire period. Common variability is also reflected in a strong correlation
(r = – 0.63).
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Figure 4.7: Comparison of the flowering date at Liestal (columns) and mean February–April
temperature at Zürich (continous line) 1951–2000. All values are anomalies from the respective
mean value.
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Statistical Reconstruction of the Flowering Date

Based on the findings of the flowering-date-temperature-relation (see Section 3.2), the flowering date of the cherry tree was statistically reconstructed by means of a multiproxy, linear
regression model. Temperature station data independent from the phenological observations
were used as predictors for the period 1721–1995.
The statistical reconstruction of the flowering date of the cherry tree was calibrated and
verified over the period 1951–1995. Models were calculated for different single monthly means
and temperature combinations according to Table 3.3. The period was split into two 30-years
calibrating periods and 15-year verification subperiods, 1951–1965 and 1981–1995, respectively.
The two modeling versions were compared with each other. In decreasing order, the correlation
coefficient between the observed and reconstructed flowering date ranged between r = 0.84 and
r = 0.64 for the February–April mean with the highest and the March mean with the lowest
correlation (not shown). The performance – or quality – of the reconstruction is assessed by
the reduction of error (RE) statistics (Lorenz 1399, Cook et al. 1994). The RE statistics
give the proportion of the variance in the flowering date given explained by the selected
temperature predictor stations. The range of RE is from – ∞ to +1. Zero represents the
climatology. Increasingly positive RE-values represent increasing skill of the regression. A RE
of +1 is a perfect reconstruction whereas a RE of –1 is a random guess from a properly fitted
distribution. Values between –1 < RE < 0 is better than a random choice, but worse than
climatology.
Figure 4.9a shows the number of available predictor stations (location not shown; see Luterbacher et al. (2002b) for details). It is gradually increasing from six at the beginning of the
reconstruction period to 83 in the twentieth century. With the changing number of predictor
stations and the choice of the calibration period, the quality of the model performance is
variable (Figure 4.9b). The comparison of the calibration periods shows that the 1966–1995
period (solid line) reveals a constantly good performance over the study period with RE values
around 0.75. The performance of the calibration period 1951–1980 is variable in quality showing RE values fluctuating between 0.5 and 0.83 (dashed line). This difference is thought to
be due to the constant number of flowering dates contributing to the 1966–1995 mean date of
the Swiss Phenological Network data whereas the number of observations for the 1951–1980
is highly variable for the first twenty years. Furthermore, the constant performance of the
1966–1995 model suggests that this model is might depend on a small number, but highly
influential temperature series that explain a high percentage of variability.
The reconstruction based on gridded European temperature stations shows the highest correlation with the same period as the preliminary comparison between the same flowering date
series with independent temperature data of the Zürich-SMA revealed. Testing for autocorrelation indicates also for the statistical reconstruction that there is no significant influence of
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Figure 4.9: Top: Model performance (Reduction of error (RE) statistics) for the reconstructed
cherry tree flowering date plotted against the time period for which a given statistical model
was used. Two verification periods were applied (solid line: 1951–1965; dashed line: 1981–
1995). Bottom: Number of predicting temperature stations for the statistical reconstruction of
the cherry tree flowering date 1721–1995
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the preceding year (not shown).
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Figure 4.10 shows high interannual variability as well as decadal trends in the smoothed series.
The mean for the whole reconstructed period is April 26 (doy 116). The standard deviation is
five days. Testing for autocorrelation showed that the first year is positively correlated with
r = 0.28 whereas the following years are not significantly correlated. This might indicate a
memory effect of plant individuals that last from one year to the following.
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Figure 4.10: Statistical reconstruction of the flowering date based on gridded European temperature.

The historical observations series is now compared with the temperature based reconstruction
of the previous section (see Figure 4.11). The correlation between the compiled observations
and the reconstructed series over the period 1721 to 1995 is 0.61 with standard deviation of
six days. The correlation in the calibration period 1951–1995 is r = 0.84 (p < 0.001). The
independent period 1721–1950 is correlated with r = 0.62 (p < 0.001). The graphs show that
the variability is rather well reconstructed. The higher variability of the reconstructed series
(red lines) is shown in relation to the 2-standard deviaton range of the reconstructed series
(black lines).
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Figure 4.11: Comparison of the observed and reconstructed flowering date 1721 to 1995.
Black lines shows the statistically reconstructed series. Red lines show the observed series.
Bold print represents 7-year triangular average. Dashed lined indicate the 2-standard deviation
range of the reconstructed series averaged over 31-year triangular mean.

Chapter 5

Discussion
This section discusses the 280-year composite observation series in more detail. The variability,
reliability and application of the observations is assessed. First, corresponding subperiods are
described by calculating and comparing mean flowering dates and correlation coefficients for
the observation and the reconstructed series. Mean values are compared to describe systematic
errors (bias), correlation coefficients assess the common variability. Second, the description of
moving correlation coefficients shows the suprasegmental relationship between observed and
statistically reconstructed flowering dates. Finally, the phenological observations are compared
with a temperature series. The outlook section refers to open questions concerning the data
as well as the methodology and lists questions for future possible research.

5.1

Network versus Independent Observations

From a phenological point of view, the main question of this study concerns the integration
of independent, single observation records of phenological events with network observations.
Section 4.1.2 lists the most important results of the comparison for the period 1951-2000. It
was shown that carefully observed single records with sufficient metainformation about the
observer produces series that can be compared to network observations.
Most of recent phenological analyses focused on observations recorded within networks. It is
argued that a large number of observations recorded as ’objectively’ as possible leads to most
reliable conclusions of phenological changes. In another approach at Phenological Gardens
across Europe focusing on plant physiological and genetic homogeneity, guidebook observations are made from genetically identical plants (Menzel and Fabian 1999, Menzel 2000). All
these efforts are made to reduce uncertainties within the observed data. Here, another method
is applied in order to describe uncertainty in phenological observations: Source analysis derived
from the methodological canon in historic research is used.
59
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In relation to this study it is important to note plant physiological facts of the cherry tree
data used. In order to reduce different phenological behaviour due to differences in varieties,
the observations of the 20th century were either used as a mean value (data from the Swiss
Phenological Network) or the flowering dates of a single tree (Liestal). There is no metainformation available concerning tree varieties observed in the older contributing subperiods. It
must be argued that the older observations are either taken from wild cherry plants, just like
many independent observers do today, or from trees of less highly cultivated cultivars than
today. The following section shows the comparison of the integrated observed series with the
statistical reconstruction. From the results, it can be assumed that differences in cultivars lie
within the range of variability of the flowering date. Furthermore, abiotic factors and systematic bias of the observer seem to be more influential on the records than differences in the
cultivars.

5.1.1

Observation Quality – Comparison of Subperiods

The overall correlation of the observation series with the statistical reconstruction over the
1721–1995 period is r = 0.61 (p < 0.001, Section 4.2.3). The comparison of the pre-calibration
period 1721–1950 with complete independence shows a correlation coefficient of r = 0.62 (p <
0.001). For the contributing subperiods the correlation varies significantly between r = 0.38
and 0.91. The comparisons between the observed and reconstructed dates for the respective
period reveals that many differences can be explained with historical source metainformation,
climatic features of the site and additional statistical calculations (see Figure 5.1).
In general, the observations and the statistical reconstruction show systematic differences over
the centuries with the exception of the period 1920–2000 (Section 4.11). This is due to the
calibration period of the model in the period 1951–1995. The reconstructed flowering dates
are later than the observations. This is partially due to the fact that the reconstruction is
based on phenological observations that follow a rather late definition of the ’flowering date’.
The definition of the phenological phase of the ’full bloom of the cherry tree’ by the Swiss
Phenological Network (Figure 5.1, Nr. 14) during the calibration period refers to a rather
late recording of the event. This is noteworthy in comparison with the other contributing
series: Liestal (Figure 5.1, Nr. 13) was recorded when 20–30 % of the blossoms were open.
The phenological definitions of all the other records are the ’beginning of the bloom of the
cherry tree’ with the exception of Nr. 11 in Figure 5.1, which was recorded at forest sites when
roughly half of the blossoms are open (see below). The definitions therefore partially explain
the general differences between observed and reconstructed flowering date. Furthermore, there
is no explanation of the fact that the distinct warming during the 20th century did not lead
to a general earlier flowering of the cherry tree.
Furthermore, the variability in the observed series is higher in the period 1721–1995 than
in the reconstructed series (standard deviations are 10.4 and 5.7 days, respectively). Late
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flowering dates are more similar than early dates. Most of the extreme late years appear in
both the observed and the reconstructed series. On the other hand, early flowering dates are
seen in the observed series throughout the whole period more frequent in the 1700s, in the
1830s and in the beginning of the 1900s whereas early years are less frequent around 1800
and from 1835 to 1860. In the reconstructed series only 1794 appears as an extremly cold
year before 1900. Higher variability in early flowering dates contributes to the high overall
variability of flowering dates.
During the calibration period with a mean from network observations in the second half of
the 20th century (1951–1995; Nr. 14), the variability (r = 0.84) and mean values (observed
mean on doy 114, reconstructed mean on doy 115) are very similar (see Table 5.1). During
this period, the statistical model was calibrated and verified which also supports this finding.
Late and early flowering dates appear in the observed as well as in the reconstructed series.
For late years, two out of four years are observed and reconstructed with the same amplitude
(1970, 1986). The other two years are only seen in the observed or the reconstructed series
(1979 and 1956, respectively).
The first half of the 20th century (1894–1950; Nr. 13) is characterized with a split of the curves
around 1920 (r = 0.65, p < 0.001). The observed flowering date is taken from the LiestalSeries, which was recorded from the same single tree over the whole of this period. The
flowering dates become gradually later in comparison with and get closer to the statistical
reconstruction. This could reflect the aging process of the tree1 . The comparison with old
maps from the same valley supports the aging hypothesis: After consulting three maps from
1901, 1930 and 1940 no change in forest roads, in the edge of the wood nor any changes in
landuse or signature of the forest structure. The extension of the forest road was completed
after 1940 according to the last historical map in relation to the current map at a scale of
1:25’000.

1

Plant individuals tend to flower earlier in a younger age than at a later stage of their life (Defila 1991)
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Figure 5.1: Comparison of the observed (red) and reconstructed (black) flowering date 1721 to 1995 with 14 subperiods and respective
correlation coefficients (top). Numbers (bottom) refer to Table 4.6. The 7-year triangular means are drawn in bold.
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Table 5.1: Comparison of mean flowering dates between observations and statistical reconstructions for the contributing subperiods. Mean Obs = mean observed flowering date; Mean
Recon = mean statistically reconstructed flowering date; r = Pearson correlations coefficient
with significance level at 95 % in bold andat 99 % with ***, corresponding p-value. diff
= differences of the observed – statstically reconstructed mean flowering date. + = no mean
value

1
2
3
4
5
6
7
8
9
10
11
12
13
14

1721–1738
1739–1765
1766–1784
1785+
1786–1802
1803–1818
1819–1827
1828–1838
1839–1853
1854–1874
1875–1880
1881–1893
1894–1950
1951–1995

Mean Obs

Mean Recon

diff

106
108
110
126
113
113
111
114
120
108
125
112
118
114

115
118
116
129
114
117
114
117
119
116
117
119
115
115

–9
– 10
–6
–3
–1
–4
–3
–3
1
–8
8
–7
3
1

r

p-value

0.63***
0.55***
0.77***

0.005
0.003
< 0.001

0.91***
0.70***
0.68
0.38
0.43
0.80***
0.38
0.83***
0.65***
0.84***

< 0.001
0.003
0.044
0.245
0.139
< 0.001
0.451
< 0.001
< 0.001
< 0.001

The comparison in Period 12 (1881–1893) between observations at Schaffhausen and the statistical reconstruction shows a very similar picture in terms of variability (r = 0.83, p < 0.001)
almost reaching the value of the calibration period. The difference in the mean values of the
subperiod, doy 112 for observations and doy 119 for the reconstructions, respectively, reflects
the difference in the phenological definition. No other systematic influences seem to increase
the differences.
In addition to low similarities in variability (r = 0.38, p-value = 0.451, not significant), distinct
differences in mean values can be seen for the 6-year subperiod with observations of the Bernese
Forest Phenology Network (1875–1880, Nr. 11). This is the only subperiod that shows an
observed flowering date that is generally delayed in relation to the statistical reconstruction.
It pictures the character and the processing of the observed record (observed mean on doy
125, reconstructed mean on doy 117). Considering the fact that the statistical reconstruction
produced a general delay of the flowering date over the 1721–1995 period, the difference might
be more than eight calculated days and well reach 1.5 to two weeks. The observations were
all made at forest sites which are generally less insolated as the other trees provoke shade and
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flower later than trees in the open landscape. On the other side, the full bloom of the cherry
tree was recorded as the same definition as the observations used in the calibration period.
This should at least partially override the delaying physical effects. Finally, the subperiod is
compiled as a mean value of network observations (see Section 3.1.2). The observer information
is lost in the course of this process.
Observations in Period 10 (1854–1874) tend to note earlier flowering than the statistical reconstruction (observed on doy 108; reconstructed on doy 116). The variability does not show
significant differences (r = 0.80, p < 0.001). Bider (1940) noted in his comparative study on
different phenological records of the cherry tree that the observations by Huber were either
taken at a ’very early flowering cultivar’ or the location of the tree must be in a ’especially
warm surrounding like a wall of a house’. Bider compared dates in the Basel region and the
French town of Strassbourg. Furthermore, differences in the definition of the phenological
phase contribute to the bias in the series. Eventually, local climatic effects cause a systematic
earlier flowering (see Section 5.2). Due to missing comperative observations in the Plateau
region of sufficient length for this period, the Basel observations were only corrected for differences in altitude.
The discussion of the Lenzburg subperiod (1828–1838, Nr. 8) is difficult. The little similarities
in variability (r = 0.38, p = 0.245, not significant) can be explained by the extreme early
observation in 1841. It is not clear whether it is an extreme year or an outlier in the record.
No corresponding other observations were available for controlling purposes. Apart from that,
mean values are quite comparable (observed on doy 120, reconstructed on doy 119).
The 9-year subperiod from Bern (1819–1827, Nr. 7) shows high correlation and similar variability in the observation and the reconstruction series (r = 0.68, p = 0.044). Accordingly,
mean values correspond as well (observed on doy 111, reconstructed on doy 114).
The only contributing record from outside of the research area is the record from Glarus.
Two parts are included in the observation series. The 16-year period (1803–1818, Nr. 6)
corresponds well in variability as well as average (r = 0.70, p = 0.003, observed mean on
doy 113, reconstructed mean on doy 117). Three observations of distinct earlier flowering
were detected in relation to the reconstructed series. For 1785, the observations from Glarus
included (Nr. 4). There is no statistical comparison due to the short period.
The highest correlation between observed and reconstructed flowering dates is calculated for
Period 5 (1786–1802). This subperiod is based on observations by Jakob Sprüngli at Sutz.
His observing qualities have been repeatedly described and statistically undermined. The
comparison of the variability reveals a stronger correlation than the calibration period (r =
0.91, p < 0.001). Many positive as well as negative statistical reconstructions follow exactly
Sprüngli’s observations. Observations and reconstructed mean dates correspond equally well
as the variability (observed on doy 113, reconstructed on doy 114).
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Sprüngli’s observations at Gurzelen (1766–1784, Nr. 3) are similarly high correlated as his
recordings at Sutz (r = 0.77, p < 0.001). The lower correlation can partially be explained
with the location of Gurzelen in a prealpine valley and its effects of stronger local climate
influences. This is supported by the fact, that the mean observed flowering date is distinctly
earlier (doy 110) in comparison with the reconstruction (doy 116).
Observer Rieter at Winterthur (1721–1738, Nr. 1) recorded in a trustworthy manner. The
comparison of variability between his observations and the statistical reconstruction shows
a significant correlation (r = 0.63, p = 0.005). He systematically noted 9 days earlier in
comparison to the reconstruction (observed on doy 106, reconstructed on doy 115). The
rather big difference cannot be explained with local climate effects nor from the source due to
missing metainformation.
Interesting results reveal the comparison of the reconstruced flowering date of the cherry tree
with the substituted and corrected vine observations at Zollikon (1739–1765, Nr. 2; 1839–
1853, Nr. 9). For the latter period variability is comparable only in parts (r = 0.43, p =
0.139). Single extreme events in some years are seen in both series where as for other years
the correspondence is not seen and understood at all. For the first period (Nr. 2) variability
in cherry tree flowering date and the observed appearance of the first vine bud is more similar
(r = 0.55, p = 0.003). On the other hand there is a distinct bias in mean values even after the
correction of differences in the phenological phase (observed mean on doy 108, reconstructed
on doy 118).
The comparison of the observed cherry flowering dates with the statistical reconstruction revealed strong statistical similarities for the variability. Uncertainties can be explained with
information from the historical sources. More stringent metainformation is directly related to
the observation quality as the stastistical comparisons reveal. Higher correlation coefficients
are calculated for periods with better information about the observer or more extensive interpretation material. The two lowest coefficients are for subperiods with either indifferent
definition of phenological phases and no information about the observer (Bernese Phenological
Forest Observation Network, Nr. 11) or no information at all (Lenzburg, Nr. 8). The highest
correlations are reached for carefully documented observations (Sprüngli, Nr. 3 and 5) or
precise phenological definitions and several sites to calculate mean series (Swiss Phenological
Network, Nr. 14). The tool of independent statistical reconstruction proved to be useful to
assess the quality of the observations. By applying plant physiological observations of temperature influences on spring phenophases and earlier flowering with higher temperatures, the
observation is roughly assessed. By using subperiods that are as long and homogeneous as
possible, the assessment was applied to subperiods and not to single years. The range of
possible impact factors on the flowering dates is much wider than just temperature.
Still, temperature has proven to be a good approximative parameter. Sparks and Menzel
(2002) reveal that the relationship is also valid for historical phenological observations. Figure
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5.2 shows observations of the cherry tree in relation to temperatures at the nearby station of
Frankfurt a. M. for the period 1870–2000 . Independently, this finding supports the results of
this study that the influnce of temperature on the flowering dates of the cherry tree is constant
over a longer period of time.
1719
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ity of the farmer rather than a strictly phenological parameter influenced by environmental
factors.
The comparison of all available observations as well as the reconstruction for the period 1951
to 2000 is presented in Figure 5.3. The subperiod of the composite series as a mean of the Swiss
Phenological Network is plotted against the statistical reconstruction. Furthermore, additional
data from Grossaffoltern and Uzwil are drawn. For the comparison with observations from
outside the study area, the continued observations are shown as well as a set of observations
at St. Léonard (VS). All observations are uncorrected for altitude. It is difficult to judge
the consistency of such different series. Accordingly, it is hard to assess the uncertainty. On
the other hand, the plot shows that there is a high degree of agreement in variability even
for observations without information of the observer (St. Léonard), for records with several
missing observations (Uzwil) as well as for observations from outside the referenced study
area (Liestal). All series in the study area are correlated from 0.79 with Liestal up to 0.90
with Uzwil (all significant at 99 %). The comparison with St. Léonard, located at the valley
bottom of central Valais, is correlated with 0.68 (p = 0.015).
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Figure 5.3: Comparison of all available observations and reconstruction 1951–2000. Swiss
mean (bold red line), reconstruction (black line), Liestal (thin red line), Grossaffoltern (blue
line), Uzwil (green line) and St. Léonard (dashed green line). Mean (horizontal line) and
2-standard-deviation range (dotted horizontal line) of the reconstructed series.
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Climate Impact – Moving Correlation Analysis

According to the assumption that spring temperatures have a high influence on the flowering
date of the cherry tree, the latter should reflect the changes that are seen in many temperature
records over the last three centuries. In the context of paleoclimate reconstruction, it cannot
be the goal to develop a multi-proxy model for the reconstruction of phenological events. The
complexity of influenceing environmental factors might never be understood and modelled
(Defila 1991).
Still, in order to assess the relationship with temperature as the major driving environmental
force in spring phenology in temperate climate zones, ’moving correlation analysis’ is applied.
Running correlation analysis, that is, correlations computed in moving windows, is frequently
used in climate research to diagnose changes in relationships between two indices (Gershunov
et al. 2000). Correlation coefficients are calculated for time-windows of a defined length.
Significance levels for the calculations of this study were produced by the Monte Carlo method
based on 1000 estimated runs of moving correlations within the range of the standard deviation
of the respective observations and reconstructions (after Wilks 1995).
The description of the moving correlation coefficient between the observed and reconstructed
flowering date shows that there are three periods, where the similarities in variations are
lower (see Figure 5.4), periods 1755–1765, 1827–1845 and 1885–1895. In general, the moving correlation coefficient is significantly large over the whole study period (> 99 %). It is
increasing towards the end. Three periods show a shift towards lower correlation within a
31-year time-window. Due to overlapping subperiods in the observation record it is possible
that temperature has a less dominant influence on spring phenology in certain periods.
Section 1.2.2 introduced the recent trends in phenological changes. The description of phenological trends has been limited to the last 50-year period due to the limitation of observation
(Sparks and Menzel 2002, Menzel and Fabian 1999). This series of flowering dates shows
similar trends towards earlier flowering as the general findings for west-central Europe for the
last 50-year period. The subperiod of the observation record (mean of Swiss Phenological
Network; Nr. 14) shows an insignificant trend of 0.6 days per decade (1951–2000). On the
other hand, the period 1978–2000 shows a trend of 5.6 days per decade with a corresponding
value in the additional observations at Grossaffoltern (Trend: 6 days per decade 1978–2000;
Nr. E ). The trend for the 1978–2000 period has, thus, increased by a factor of ten. this
reflects the colling phase of 1950–1970 period where a couple of late flowering extremes slowed
the trend towards earlier flowering.
Considering the record over the last century, the trend towards earlier flowering dates of the
second part of the century is reduced with a tendency towards later flowering dates in the
first part of the century. In this period, the four year with latest flowering of the century are
recorded (1917, 1929, 1932, 1908 in decreasing order). Compared to the annual variability the
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shifts on a decadal scale are small.

5.2

Historical Records and Climate Change

The observation series reveals a break towards earlier flowering of the cherry tree in 1989.
The mean flowering date in the 1980s of doy 118 was shifted 6 days earlier to doy 112 in
the 1990s. This is consistent with the findings of Chmielewski and Rötzer (2002). Their
analysis of a phenological index of the beginning of the growing season showed a shift from
negative anomalies until 1988 to positive anomalies throughout Europe after 1989. The latest
deviation from the 1969–1998 average was ten days in 1970. Whereas the earliest beginning of
the growing season, calculated for 1990, was 14 days earlier than the mean. In central Europe,
the start was 27 days earlier than mean of the whole period.
The shift can be seen in relation to atmosphereic circulation changes on a decadal scale
(Watanabe and Nitta 1999). The major shift on a decadal scale for the northern hemisphere
was found in a persistently intensified polar vortex after winter 1988/1989 (Walsh et al. 1996,
Tanaka et al. 1996). Intensified polar circulation lead to a decrease in the Arctic summer ice
cover (Maslanik et al. 1996) as well as the sea ice cover in the southern Okhotsk Sea (Tachibana
et al. 1996). Major changes in hemispheric circulation are reflected in phenological changes
such as the flowering of the cherry tree. From the data compiled here, it is very hard to
pick other major changes in hemispheric circulation systems due to a high variability in the
observation record.
Furthermore, Chmielewski et al. (2003) found simultaneous changes in air temperature and
the ’beginning of apple blossom’ for Germany at the end of the 1980s. Considering the high
correlation between apple and cherry tree flowering dates in their data (r = 0.95, p < 0.01),
the results can be assumed comparable.
The accuracy comparisons between phenological observations and temperature as the single,
environmental factor is an important point of discussion. Many argue that temperature alone
is able to explain a high fraction of springtime phenology. This ’arbitrary division of the year
by calendar dates is used to conduct within-season analyses’ (Jones and Davis 2000). The
authors state in their study based on vine observations that the conventional approach can give
some insight into crop–climate relationship, but the lack of a physiological basis may produce
results that are inconsistent with the phenological response of the plant. Using clusters of airmass based synoptic weather patterns on a regional to continental scale provided an integrated
set of parameters. With this approach they are able to describe how plants respond to the
evolving atmospheric environment rather than to the levels of specific discrete climate variables
or combinations of variables. No a priori decision about which of the variables are most
influential has to be taken.
Therefore, it would be useful to apply a similar approach to other sets of phenological obser-
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vations such as the cherry tree. The results of this study suggest that there are phases where
the influence of temperature is higher than at other periods. Looking at years with extreme
phenological events, the comparison of observed and modelled observations attracts attention
that some of the single years are well reconstructed others not at all. This suggests that aside
from uncertainties in the observations other climate parameters have influenced the flowering
date. There is a guess that extreme phenological events could be attributed to clusters of atmospheric modes over the research area – be it short-time cold events such as frost, long-time
cold weather such as fog or bise situations or warm situations such as ’Foehn’.
The study area shows climatological features that are dominated by two modes. On the one
hand, westerly flows transport mild and moist air masses from the eastern Atlantic to central
Europe and the Alps (advective mode). On the other hand, there are blocking modes onnected
to convective and anticyclonic situations. They are either as distinct continental high pressure
systems connected with rather dry and cold weather situations or situations with stationary
low pressure over the study area. A specific characteristic is the influence of orographical
effects on climate such as blocking or channeling effects.
In situations with southerly flow, ’Foehn’ effects accompanied with abnormally warm temperatures in the northern forelands can strongly influence plant growth. Strongest influences are
in plant sensitive periods during the beginning of the growing season in spring. Effects have
regional to very local impacts.
Another meteorological influencing climatological spring parameters are strong cold wind situations called ’Bise’. Wanner and Furger (1990) defined the ’violent and stormy wind’ as
wind from a northern to eastern direction. It is induced on a synoptic scale but strongly
orographically influenced and strengthened when channeled in the valley-like northern Alpine
foreland. Cold and mostly dry air flows across the Plateau region following the west-east
moving cyclones. Because this cyclonic activity is highest in spring, the bise has its highest
frequency in spring, too.
Extreme cold events during spring often relate to frost. As an example, the effects of the
event of April 1974 on plants were analysed for Switzerland (Jeanneret 1975) and in a detailed regional study for the Canton of Bern (Mathys 1975). After three months with higher
temperature (January to March) polar continental cold air lead to strong advective frosts on
the night of April 16. Continued cold air and precipitation as snow in the lowlands probably
lead to a number of precipitation frost events. The strongest night frost hit Switzerland in
the night of the April 18 when a high pressure system cleared the sky and radiation frost
affected plants near the surface. Effects and damage on plants were assessed by a nation-wide
observation campaign of chestnut trees where 5000 trees or two % of the statistically counted
trees were included. The analysis revealed that advective frost severely harmed a large number of tree at higher altitudes where as the following radiation frost was effective in lower
regions and local cold air pools (Jeanneret 1975). This event shows differences in damage on
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a regional to local scale which have to be accounted for in phenological studies. It stresses the
fact that generalization from phenological observations must only carefully be carried out and
accounted for uncertainties. In addition, it could be shown as an example that the effects of
frost are different on different species strongly depending on the stage of development.
It has been noted several times that the flowering of the cherry tree occurs roughly two weeks
earlier in the Basel area in comparison to the Swiss Plateau region. On the one hand, the
distinct difference in altitude and corresponding higher temperatures might be responsible for
the generally earlier flowering date. The altitude difference alone is responsible for a difference
of five to seven days when applying the conservative altitude gradient of 2.5 days later flowering
date for 100 meters of higher altitude2 .
In addition, there are more important climatological differences on a regional scale. Bider
(1978) describes climatological specialities of the Basel area and compares it to the Swiss
Plateau region. Besides ’Foehn’ effects induced by southwesterly winds and the Jura mountain
range, there are distinct differences in hours of sunshine during the winter half-year. Analysing
three months with extreme low duration of sunshine in the Swiss Plateau region (January 1964,
January 1971, December 1971), Bider lists the towns Kloten, Lucerne, Neuchâtel, Lausanne
and Geneva with 49 to 82 hours with the exception of Bern with 179 hours. Basel, in turn, had
255 hours of sunshine during the same period. Hours of sunshine are important in connection
with fog days in late winter and early spring that are important for plant growth. As February–
April temperatures are most important to the flowering of the cherry tree, it is also related to
the hours of sunshine.
Furthermore, the number of days with fog is lower in the Basel area than in the south of the
Jura mountain range. Several sites were analysed for the number of fog days. Whereas the
’Hinterer Weissenstein’ on the border to the Plateau region had fog on 40 % of every March
day around noon, Basel only observed fog on 3 % of March days. For the period 1958–1970,
the mean of fog days per year supports the findings above: Whereas Basel counted three days
for the noon hour, ’Hinterer Weissenstein’ had 93 days for the same time and period (Bider
1978).
From a climatological point of view with respect to the ongoing discussion about ecological
consequences of global change, it is important to discuss the effect of changing parameters in
the climate system on plants. Furthermore, there is a need in modeling studies to parametrise
processes in the biosphere (Chuine 2000, Chuine and Beaubien 2001). Changes in the length of
the growing season have a big impact on changes of the reflecting characteristics of the earths
surface. Changing albedo at the beginning of the land surface due to leafing and flowering has
2

Basel (259 m a.s.l.) and Liestal (320 m a.s.l.) lie 250 and 230 m, respectively, lower than the calculated
mean at the reference level (550 m a.s.l.). Applying the linear relationship of the altitude gradient gives a 6–7
days earlier flowering for Basel and 5–6 days earlier flowering at Liestal in comparison with the Swiss Plateau
region for altitude differences alone. Additional, unknown factors must be of importance.

5.3. OUTLOOK

73

an strong influence on the radiation and, thus, on the energy and heat balance (Chuine et al.
2000, Cayan et al. 2001). Since the early 1970s, efforts have been concentrated on predicting
phenology of the temperate and boreal forests because they represent one-third of the carbon
captured in plant ecosystems. Furthermore, the forests are the principal ecosystems with
seasonal patterns of growth on Earth including one-fifth of the plant ecosystems area.
Furthermore, Chuine (2000) stated that phenological events, such as leaf unfolding, exert
strong control over seasonal exchanges of matter and energy between the land surface and the
atmosphere. Defining the flowering of the cherry tree as the beginning of the growing season
and calculating a 280-year composite series opens the possibility to compare model runs with
observations over a long time. In addition, Chuine et al. (2000) have discussed scaling of
species-specific phenological models. They showed that locally fitted models were able to
predict regional phenological changes. The data set of historical phenological observations of
single species from Ohio 1884–1901 and pollen data from Ontario, Québec and Maryland from
the late twentieth century showed differences in trends of up to two days depending on the
species per decade over the last 50 years.

5.3

Outlook

The study showed that interdisciplinary research can lead to new approaches in climate related
phenological research. Implementation of several methods to historical phenological data
revealed that the use of independent observations is valuable to prolong network observations
into the past. It would be useful to combine several phenological phases for spring and autumn
to calculate index values for the beginning and the end of the phenological growing season. The
scarceness of the data will probably restrict the studies to time series analysis for representative
areas such as Switzerland in this study or reference sites in Germany. Spatial differences on
a regional scale will be hard to assess into the past without a big effort to look for, preserve
and digitize historical records. It proved to be successful to constrain the research area to
the extended Swiss Plateau Region in order to reduce uncertaintainty of spatial differences
that is already high in phenological observations. Digitizing historical observations will be
the heavy door to open in order to make it possible to assess the past of plant ecological
changes in Europe. Furthermore, the consideration of methodological discussion in history
between single historical events and its relation to historical processes seem to be fruitful to
the discussions among phenologists. The effort towards ’advancing to full bloom’ (Schwartz
1999) will hopefully include historical phenology as a part of an already interdisciplinary field
in future monographs (Schwartz 2003).
Finally, there is the hope that the ’Cherry Tree Phenology’ contributes to the scientific discussion of ’nontraditional data sets collected by naturalists, hobbyists or indigenous peoples (Sag
). His report showed an advancement of breakup of the river ice at Nenana, Alaska, relative
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to the vernal equinox by 5.5 days. The astonishing fact of this trends towards warming in
spring is the data set. The trend was calculated on betting competition in which participants
attempt to guess the exact minute in spring that a wooden tripod positioned on the frozen
Tenana River will fall through the breaking ice. The event has started in 1917 and produced
a reliable ice break-up series since 1949! For plant phenological obervations, this report could
be translated into the words of Tim Sparks. The inspiring spokesman of the British phenology
movements hopes ’to find many closet-phenologists to come out of their closet’ that they can
see how important their contribution are to the observation and understanding of changes in
the natural environment (Whitfield 2001).

Chapter 6

Summary and Conclusions
This study has created a composite ’Cherry Tree Phenology’ from 1721–2000 which is the
longest record for Europe to date. On an annual as well as decadal time-scale the phenological
observations were compared to statistically reconstructed flowering dates. The analysis showed
that the 14 contributing subperiods vary in reliability. Common variability of the observed
and reconstructed flowering date was assessed with correlation analysis where a high covariance was interpreted as high agreement in flowering variability. Results of methodologically
independent historical source analysis support the statistical findings. Where available, source
metainformation was used to aid the explanation of statistical differences and uncertainties.
Combining phenological observations, historical methodology and concepts of climatology has
revealed fruitful results in the respective subjects.
The results of the ’Cherry Tree Phenology’ have confirmed findings that changes in ecosystems
correspond with changes in climate. The observed warmings in central Europe affect lifecycles
of plants as well as animals. The comparison of systematically observed plant phenological
events in networks with independent observations by passionate observers revealed that carefully noted single observations can be used to prolong 20th-century networks further into the
past. Historical methodology contributed to the assessment of the data. Qualitative source
analysis is essential for the estimation of the observation quality. It has been shown that the
analysis of source metainformation is useful in the assessment of the quality of observations
and can usefully complement and extend quantity of network observations. Furthermore, it
is recommended that future studies include historical source analysis in studies of historical phenology. For this information to be utilised metainformation should be included with
electronically stored phenological observations.
Under the assumption that the flowering date of the cherry tree indicates the beginning of the
growing season, the compilation and homogenisation of phenological observations can serve as
an indicator of spring season changes for the last 280 years. Only the influence of temperature
on the beginning of plant growth in spring was considered, however this is just one aspect of
75
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the complex biotic and abiotic processes affecting the cherry tree. Still, it has been shown
that the flowering date has a very strong relationship with temperature and can be considered
a reliable proxy data.
One must not forget that the analysis of the flowering date of the cherry tree Prunus avium
is more than just a thermometer of average spring temperatures. It serves as an integrating
indicator for climatological changes in spring and is the result of many impact factors such
as precipitation, insolation, pollutants, soil, plant physiological processes. In this way, the
flowering date can give valuable indications in changes of the spring.
In conclusion, it is appropriate attempted to answer the questions raised in the objective section. From a phenological point of view, it has been shown that the 280-year composite record
of observed flowering dates can be assembled reliably for the extended Swiss Plateau region.
The comparison of observations and statistical reconstructions revealed that the majority of
extreme events appear in both series. The variability was similar in both the observed and
the reconstructed series. On a decadal timescale trends point out shifts of earlier and later
flowering dates and in relation to temperature changes. On a centennial timescale, however,
trends should not be overestimated considering the high variability of the flowering date and
the distinct systematic errors that lead to a bias in the observed series. The biases remain
since the a reliable method to correct it has not been found.
From a climatological point of view, it could be shown that February–April monthly mean
temperatures showed the highest influence on the cherry tree flowering date. Thus, it was
possible to reconstruct the cherry tree flowering date by means of a linear regression model
using European temperature measurements from 1721–1995. The linear correlation between
the flowering date and the February–April mean temperatures over the 275-year period is r =
0.61 (significant at the 95 % confidence level). The correlation during the calibration period
1951–1995 is 0.84 (p < 0.001). The remaining systematic differences correspond with changes
in the subperiods of the contributing observation records. Furthermore, moving correlation
analysis showed that there are three supraperiodical time windows where correlation between
flowering date and temperature is lower. It might be assumed that the influence of temperature
is not constant over time however the remaining biases in the series confound this conclusion.
By analysing phenological observations in comparison with temperature as the most influential
factor on plant phenological spring events, it has been shown that the flowering date of the
cherry tree is a valuable indicator for an integrative ecological parameter. Comparison with
climate models seems reasonable.
From a historical point of view, the quality and homogeneity of the 14 contributing flowering
date records was assessed by comparisons of the historical source with statistical recontruction.
On the other hand, source metainformation was useful for the interpretation of systematic differences from the reconstructed flowering date. It has to be recongnized that the individual
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interpretation of flowering dates of each observer adds variability and uncertainty to the ’measurements’. The comparison of the subperiods showed that the quality and the enthusiasm of
each observer towards objective recording can be assessed with the use of metainformation.
Thus, it seems that future phenological studies should consider the information from historical
source analysis. And furthermore, every digitisation of phenological records should include the
metainformation available. It remains a difficult task to quantify historical metainformation
for corrections of systematic differences in phenological observation records.
It is believed that this study could contribute to a widening view for interdisciplinary research.
Statistical analysis of historical phenological observations with temperatures revealed that the
variability of the two could be assessed. Systematic differences that stem from differences
in the definition of the phenological phase, biotic and abiotic parameters could be explained
with additional source metainformation. Finally, it should be remarked that the scientific
analysis was based on the work meticulous observers that recorded the annual changes in
their environment. Without their dedication, a valuable view of changes in the ecosystems
would not be recorded. It is hoped that observers will continue the tradition of taking reliable
phenological observations for they are an important contribution to the understanding of our
understanding.
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Appendix A

Additional Observer and Observation
Informations
Hans Rudolf Rieter (1665–1748) was originally baker at Winterthur and noted 19 phenophases
of cultivated plants of the period 1721 to 1737. As an owner of a vineyard he took notes on
virtually everything noteworthy: weather description were more or less continued over the
whole period. He also studied the impact on economy. Furthermore, he collected death
and crime news, births and deaths, weddings and weekly grain prices. The wide range of
observations and the continued observations over a long period makes it a valuable source
(Pfister 1999).
Johann Jakob Sprüngli (1717-1803), clergyman at Zweisimmen, Gurzelen and Sutz (BE), compiled meteorological journals. From the sources one can conclude that he was very assidous.
In addition, Sprüngli left more than 4000 phenological observations, which support the fact
that he observed dutifully and with a strong will to describe and note even details (Pfister
1975). Sprüngli noted amongst others 100 different plant species, nine species of fruit trees,
37 agricultural activities, phenophases of the beech tree as well as the phenology of 37 animal
species. He worked systematically and aimed at homogeneity. His wife died young and the
daily chore, Sprüngli left to his sisters. Pfister (1975) emphasized that his regular daily routine, that he rarely left home and that he lived without a family are cornerstones to writing
’useful meteorological journals’.
Samuel Emanuel Studer (1757-1834) was clergyman at Büren and professor of theology in
Bern. He was a member of ’Privatgesellschaft naturforschender Freunde’ and a founding
member of the Bernese and Swiss Society of Natural Science. From 1819–1827, Studer noted
the ’bloom of the cherry tree’ at Bern. He is known for his description of the cold winter of
1788/1789 where he eventually noted that the temperature fell so low that fruit trees cracked
(Pfister (1975), http://nmbe0.unibe.ch/deutsch/422.html).
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APPENDIX A. ADDITIONAL OBSERVER AND OBSERVATION INFORMATIONS

Jakob Korradi was a farmer at Oberneunforn (Canton Thurgau) and served additionally as
a county clerk. From 1852 to 1878 he compiled six notebooks with weather observations.
In addition, there are observations from 1815 to 1818, 1885 and 1890 which are believed
to be taken by relatives due to life dates. A selection of phenological observations were
digitized by the author. The first period includes summaries of several days per month of
important events such as drought, snow and farming events. The descriptions are written
in full sentences in simple notebook. The second period lists daily records of temperature,
cloud coverage both for the morning and the afternoon. An extra column contains moon
phases, agricultural activities and phenological observations. The observations end in March
1878. The last notebook contains summarizing notes written in 1885 and 1890 completed
with two newspaper clippings. From 1862–1878, Korradi observed the cherry tree with only
one year missing. He noted ’Kirschenblust’ oder ’Kirschenblühen’1 in the extra column as
the phenological description. Other species he recorded accordingly such as ’Birnenblust’,
’Apfleblust’ and ’Reben blühen’2 .
Albert Huber observed phenological phases at Basel from 1854–1874 (Huber 1878). Huber
published the data in a table completed in 1874. During the 21-year period he observed up to
12 phenophases from early spring with the flowering of the apricot tree and cherry tree to the
autumn phase of leaf fall of decidous trees. He also noted the beginning of the vine harvest.
Huber noted that the phenological observations with the exception of the vine harvest were
’all the notes taken in close proximity of the city’. From 1854–1876, Huber also noted wind
observations (Huber 1878).
Swiss Meteorological Observations SMB (starting 1864; Schweizerische Meteorologische
Beobachtungen) contain a total number of 191 observed cherry tree flowering dates from
Switzerland. Several other plant species of fruit trees and wild flowers were recorded but
not digitised by the author for this study. In the SMB-network, phenological observations
were collected in addition to the meteorological measurements. The number of phenological
observations diminishes until it stops in 1873. The phenological observations were added in a
column with note and summarized in phenological tables. The editor of the yearbook, Rudolf
Wolf, did not include a table with definitions of the phenological phases. The number of
observations of the flowering of the cherry alone ranged between 12 and 29 observations per
year for six out of nine years.
Network of Forest Phenological Observations was established in 1869 and collected phenological and meteorological data in the area of the Canton of Bern. The ’Bernische Forstdienst’
wanted additional, forest related meteorological data to the national network that was established at the same time (see SMB in the previous paragraph). In more than 40 stately
owned forest and more than 70 observation sites phenological phases of 48 plant species were
1
2

engl. ’cherry tree abloom’
engl. ’pear tree, apple tree, vines abloom’
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recorded. Unfortunately, there was a high gap frequency (Vassella 1997).
Eduard Heinis began noting the blooming of a cherry tree close to the border of a forest near
Liestal in 1894. The forest lies in a valley with the traditional field name "Weidli" north od
Liestal at the eastern flank of the hill range (Andreas Buser, pers. communication). This
should become the longest yearly record in history (Defila and Clot 2001). Eduard soon gave
the observation duty to his son, Fritz Heinis. His son, Jakob Heinis, in turn passed it on
to Alfred Meyer, the responsible manager of fruit tree growing department at the Canton
of Basel-Land during World War II. Meyer continued observing until 1968: In that year the
tree died after 74 years of continued observations. A couple of years before, Meyer already
started looking for a nearby tree blooming at about the same time in order to continue the
observations (location: 622’200,260’220; roughly 47◦ 30’ N, 7◦ 44’ E). In 1969, Ernst Schläpfer
started noting the date of blooming until 2001. In 2002, Andreas Buser has taken over the
chore. For the composite series only the years 1894 to 1950 were used for the observations
series where no further information of the applied definition is available. The phenological
definition of the recorded date at Liestal today is ’when 20–30 % of the flowers are open’
(Buser, pers. communication). This refers to a defition of the beginning of the blooming of
the cherry tree.
Christian Röthlisberger (born 1944) works as a medical doctor at Grossaffoltern – 15–30 kilometers northwest of Bern – and Biel. Cherry tree and wild cherry tree are only two of the
wide range of observed species. From 1978 until today, Röthlisberger has observed 77 herb
and flower species, 56 tree and shrub species and 17 bird species. In addition, there is a
variety of physical phenological parameters such as snow cover, ice, wind and fog. The records
impress with its richness, continuity and precision and can be compared with the SprüngliObservations (Pfister, pers. comm). Only the cherry tree observations were digitized by the
author.
Markus Eugster (born 1962) is science teacher at Uzwil SG. He has observed phenological
events as a hobby from his childhood. Inspired by his father’s weather observations and
books, Eugster has observed different plants, animals, the last day of the heating season,
first thunderstorm, first frost. During the course of the years his observation sheets have
changed with a growing interest in plants and animals in the recent years. His cherry tree
observation record starts in 1989. During the 15-year period of observations until 2003, four
years are missing. For the 1989–2000 period used in this study, three years are missing. Six
observations are recorded with an exact date. Four observations are recorded for the week
when the cherry trees were in full bloom. For the analysis, the date of the Wednesdays for
the respective week is used. The phenological definition of the phase is the date ’when many
trees are fully flowering’. For the 2003 flowering season, Eugster noted the following comments
(metainformation) in addition to the observation of the flowering date: ’I saw the first twigs
with blossoms in full bloom at favorable sites (South facing edge of a forest) on April 17.
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Many full flowering trees I noticed on April 21. On April 28, I noted: ’Cherry tree flowering
is coming to an end’, but on the 29th I still saw a tree more or less in full blossom in the
forest. The flowering ended around May 6, when virtually all the blossoms were brown or fell
off. From time to time, there were single twigs with nice white blossoms.’3
Swiss Phenological Network was founded 1951 by Bernard Primault. In the beginning, observations came from 70 stations from around the country. Soon there were about 130 stations
that collected phenological data on the basis of a guidebook. Observers were ’interested laymen’ with different professional background. Many of them are forest rangers. There are
frequent changes of observers at individual stations. Successors were often acquainted with
the observation habits of their predecessor. Unfortunately, the records are often incomplete
for absence of the observer. In 1990, there were about 280 medium- to long-term records of
high quality (Defila 1991). Today, there are about 160 stations observing phenological phases
of wild plant species (Brügger and Vassella 2003).
BERNCLIM started in 1970. In the framework of a research programme in mesoclimatology
initiated by Planning Bureau of the Canton of Berne (Kantonales Planungsamt), the Department of Geography at Bern University initiated a phenological network in 1970. Covering the
area of the Canton of Bern ranging from the Jura mountain range, the midlands to the Bernese
Oberland, the network of 200 stations in 1970 has shrunken to 16 in 2003. Over the years,
770’000 phenological observations were collected with five plant phenological phases during
the summer and two physical phases (fog density, snow cover) during the winter. (Jeanneret
1997; http://sinus.unibe.ch/phaeno; data of one observer (Christian Röthlisberger) used)

3

German original: ’Erste voll aufgeblühte Zweige an milden Lagen (Waldrand Südseite) habe ich am 17.
April 2003 gesehen. Viele voll aufgeblühte Bäume sah ich am 21. April. Am 28. April notierte ich mir:
"Kirschbaumblüte langsam zu Ende", sah aber noch am 29. einen mehr oder weniger voll in Blüte stehenden
Baum im Wald. Zu Ende war die Blütezeit etwa am 6. Mai, da waren wirklich fast alle Blüten braun oder
abgefallen (Blütenblätter), man sah vielleicht noch hie und da einzelne Äste mit schön weissen Blüten.’ (M.
Eugster, pers. communication, translation: This Rutishauser)

Appendix B

Data table – Flowering Dates of the
Cherry Tree
Data table
YEAR: Year of observation; OBS: Uncorrected flowering date of the cherry tree; OBSCORR:
Flowering date with correction for altitude and longterm average added for two missing years;
RECON: Reconstructed flowering date; TT24: February–April mean temperature of 15 gridpoints from Luterbacher et al. (2002b)
YEAR

OBS

OBSCORR

RECON

TT24

1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737

107
84
91
112
104
113
101
97
123
112
125
102
104
93
100
98
110

109
86
93
114
106
115
103
99
125
114
127
104
106
95
102
100
112

121
113
113
117
121
119
117
113
122
114
121
111
110
108
112
116
115

2.236
4.818
5.088
3.610
3.002
3.097
4.087
5.027
2.187
4.433
1.993
5.182
4.960
6.252
4.144
4.388
4.062
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1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776

104
119
142
110
117
117
111
96
110
107
118
96
117
117
111
85
117
98
105
114
103
79
99
101
107
102
95
114
116
120
106
120
133
125
103
113
96
114
105

106
120
143
111
118
118
112
97
111
108
119
97
118
118
112
86
118
99
106
115
104
80
100
102
108
103
96
115
114
118
104
118
131
123
101
111
94
112
103

113
113
135
120
121
120
120
120
125
116
128
120
108
118
118
115
125
119
116
114
117
112
116
110
116
114
116
117
117
115
118
116
123
126
114
119
111
111
111

4.473
4.472
0.145
2.996
2.551
3.176
2.483
3.580
2.173
4.166
0.974
3.466
5.663
3.765
3.899
4.598
1.766
3.390
3.836
4.118
3.762
4.882
4.167
5.227
3.876
4.401
3.436
3.969
3.618
4.453
3.654
3.731
2.314
2.220
4.793
3.299
5.027
5.522
5.375
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1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815

106
103
101
118
96
124
103
127
130
113
115
111
121
112
102
102
115
91
116
112
112
106
127
113
109
114
98
113
120
107
121
125
114
109
96
120
102
107
94

104
101
99
116
94
122
101
125
131
115
117
113
123
114
104
104
117
93
118
114
114
108
129
115
111
116
99
114
121
108
122
126
115
110
97
121
103
108
95

119
117
106
116
108
124
113
126
132
118
113
115
119
113
110
111
117
102
116
117
115
112
120
116
113
114
116
121
119
117
121
127
116
118
110
119
112
123
109

3.812
3.791
5.732
3.841
5.405
2.072
4.473
1.916
0.414
3.176
4.611
5.133
3.002
3.938
4.905
5.152
3.822
6.811
3.870
3.610
3.649
4.645
3.346
3.504
5.117
4.562
3.582
2.650
3.665
3.931
2.537
0.958
3.817
3.799
5.556
3.499
4.725
2.257
5.883
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1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854

117
129
112
103
108
116
105
122
124
115
91
118
110
107
79
118
106
119
110
109
112
128
121
121
114
100
NA
133
NA
125
107
113
107
114
130
126
116
134
100

118
130
113
103
108
116
105
122
124
115
91
118
113
110
82
121
109
122
113
112
115
131
124
122
115
101
115
134
115
126
108
114
108
115
131
127
117
135
107

122
117
115
112
115
114
106
117
117
116
111
120
113
120
116
111
117
116
117
115
116
126
126
123
119
116
118
116
118
130
109
123
112
116
115
115
120
130
116

2.517
4.300
3.983
4.822
3.863
3.926
6.318
4.195
3.841
3.670
5.171
4.109
4.709
2.485
4.607
4.737
4.091
3.671
4.008
4.195
3.925
1.440
2.066
2.537
2.753
4.311
3.735
4.042
3.976
0.765
5.174
2.021
4.584
3.398
4.010
3.882
2.980
1.425
3.922
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1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

110
102
109
111
89
118
98
89
101
105
105
98
100
101
102
111
99
95
93
102
126
130
132
126
137
122
106
97
114
94
109
109
118
121
123
107
122
102
100

117
109
116
118
96
125
105
96
108
112
112
105
107
108
109
118
106
102
100
109
122
126
129
123
134
119
109
100
116
97
112
112
121
124
126
110
125
105
103

128
114
120
125
115
123
111
108
111
120
124
111
113
114
111
127
117
109
111
113
125
114
118
115
120
110
123
114
121
109
113
121
123
126
125
120
125
120
111

2.764
3.726
2.940
2.996
4.950
1.443
4.762
5.072
4.698
3.574
2.137
4.844
4.825
4.561
4.561
3.016
4.726
5.321
3.622
4.417
1.953
4.107
3.635
4.512
3.151
4.737
3.931
5.146
2.654
4.120
4.284
2.540
2.114
1.327
1.882
2.893
2.653
2.847
5.744
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1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932

106
107
106
86
106
93
113
113
102
86
104
102
103
105
119
109
105
107
86
90
99
117
97
124
103
112
90
92
111
98
115
104
99
108
105
122
109
116
120

111
112
111
91
111
98
118
118
107
91
109
107
108
110
124
114
110
112
91
95
104
122
102
129
108
117
95
97
116
103
120
109
104
113
110
127
114
121
125

107
128
115
110
112
116
119
125
116
117
113
117
120
126
119
121
114
114
109
112
112
120
113
129
112
121
109
113
119
109
122
115
103
111
109
129
111
124
123

5.019
1.883
4.699
5.602
3.529
4.619
3.077
1.178
4.135
3.608
4.221
3.647
2.531
1.638
2.124
2.335
3.604
3.348
5.144
4.364
5.388
2.774
4.221
0.795
4.048
2.291
5.495
3.985
3.142
4.741
2.708
3.460
6.047
4.118
4.548
0.609
4.101
1.586
1.165

101
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

112
106
106
100
101
91
105
112
116
114
102
109
92
96
107
88
107
100
105
109
108
124
119
120
105
124
107
105
98
119
122
113
122
110
113
110
119
127
114

117
111
111
105
106
96
110
117
121
119
107
114
97
101
112
93
112
105
105
109
108
124
119
120
105
124
107
105
98
119
122
113
122
110
113
110
119
127
114

114
107
118
111
114
114
112
122
116
122
107
122
105
106
120
106
113
112
115
113
112
119
123
129
106
124
108
112
104
122
121
112
121
109
113
111
121
125
115

3.845
4.569
2.915
3.962
3.674
3.545
3.592
3.512
3.382
2.956
5.525
2.022
6.055
5.792
4.276
5.428
4.658
4.582
3.657
4.298
4.278
3.132
2.778
-0.015
6.177
2.615
5.642
4.574
6.664
2.434
2.298
4.148
2.041
5.711
4.484
4.992
2.795
1.961
3.288
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1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

111
124
103
119
114
111
121
126
120
114
121
115
118
123
125
118
117
105
105
115
116
114
110
112
114
105
114
111
111

111
124
103
119
114
111
121
126
120
114
121
115
118
123
125
118
117
105
105
115
116
114
110
112
114
105
114
111
111

107
121
105
116
115
110
117
116
115
113
117
115
118
120
124
119
116
107
107
115
110
114
108
111
NA
NA
NA
NA
NA

5.148
2.168
5.281
4.072
4.112
5.424
3.591
3.768
4.061
5.175
3.505
4.048
2.471
3.382
1.599
3.355
4.035
5.705
6.388
4.028
4.898
4.515
5.361
5.178
NA
NA
NA
NA
NA

