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Abstract

This study was conducted to verify the relationship between the shifts in plant phenology and changes in air
temperature over a 40-year (1961-2001) period in Japan. Daily mean air temperature and annual phenological
data (1961-2001) from 101 meteorological stations of the Japan Meteorological Agency were used in this study.
The phenological data consists of both springtime phases such as flowering and full flowering, autumn phases
such as leat coloring and leaf fall of trees.

We considered influences of daily temperature being just closed to the date of phenological events, therefore
the anomalies of daily mean air temperature between 1961 and 2001 were used. The length of periods during
which air temperature affects phenological events was determined by maximization of the correlation
coefficients between the cumulated anomalies prior to the date of each phenological event and to the data of each
phenological event from 1961 to 2001 by the linear regression.

From the 16 types of plant phenology, the largest was 0.88 for Prunus yedoensis Matsum. flowering. The
length of periods with maximum correlation coefficient differed from plant phenology. Results of the analysis

suggest that some phenological trends reflected responses to climate change in Japan.
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1. Introduction

Plant phenology, which is the timing of various
seasonal phenomena of plants, e.g., the flowering,
unfolding of lcaves, leaf color changes, and leaf fall,
has been influenced by changes in environmental
factors over the past 50 vears (Menzel, 2000; Menzel
et al.. 2001: Walther et al., 2002). In particular, air
temperature 1s considered the most important
determinant of phenology (Masuda et al., 1999).
Considering the sensitivity of plant phenology to air
temperature, it is an important indicator of potential
changes in the ecology of species in response to global
warming,

A number of studies in Japan have focused on linear
regression analyses between shifts in the plant
phenology and changes in air temperature. For
example, Masuda et al. (1999) used 12 phenological
phases of plants and monthly mean air temperatures.
Matsumoto ¢t al. (2003) also used the phenological
data for Ginkgo biloba L. and daily mean air
temperature, and cstimated periods during which air
temperature affects phenological events. This study
analysed the statistical relationships between 16 types
of plant phenological phases and daily mean air
temperature from 1961 to 2001 in Japan. The anomaly
of dailv mean air temperature from 1961 to 2001 was
used as the temperature conditions.
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2. Materials and Methods

This study used the dates of 16 types of plant
phenological events (day of year, DOY) and the daily
mean air temperature from 1961 to 2001 respectively.
Table | shows the list of the 16 phenological phases.
Data from the 101 meteorological stations of the Japan
Meteorological Agency (refer to Fig. 1), which
contained a minimum of 10 vyears of continuous
measurements of both phenology and air temperature
data were used.

The periods during which air temperature affected
phenological events was estimated by linear regression
analysis (Matsumoto et al., 2003). In the study of
Matsumoto er al., the average date of phenological

Table 1. List of 16 types of phenological events.

Phenological phase)Species

Prunus mume, Camellia japonica. Taraxacum wiggers.
Prunus yedoensis Matsum., Rhododendron kaempferi,
Wisteria floribunda, Lespedeza bicolor Turcz,,
Hydrangea macrophylla Seringe, Lagerstroemia indica,
Miscanthus sinensis

Flowering

Full fiowering Prunus yedoensis Matsum.

Leaf unfolding Ginkgo biloba L.

Leaf colouring Ginkgo biloba L., Acer palmatum Thunb.

Leaf fail Ginkgo biloba L., Acer paimatum Thunb.
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© meteorological station

Fig. 1. Locations of meteorological stations at
which phenological data were observed.

event from 1953 to 2000 was used as the end date of
the period to calculate mean air temperature. Because

we considered influences of daily temperature being
just closed to the date of phenological events, the
anomalies of daily mean air temperature between 1961
and 2001 (from 1 to 150 days prior to the date of the
phenological event) were used. We calculated the
correlation coefficient of the date of each plant
phenological event (DOY) and the cumulated
anomalies from 1 to 150 days prior to the date of each
phenological event by the linear regression. It was
assumed that the length of periods during which air
temperature  affects phenological events was
determined by the pertod showing the maximum
correlation coefficient. We considered 16 phenological
phases and temperature conditions in the analysis.

3. Results and Discussion

Table 2 shows the results of the linear regression
analysis. The length of the periods and correlation
coefficients were averaged by the number of
meteorological stations which have the results with
significance level of < 1% (F-test). The phenological
events of Prunus mume (flowering), Prunus yedoensis

Table 2. The results of the linear regression analysis with significance level of < 1%

] The number of . Percentage of | Fercentage of
Plant Phenhologlcal the meteorological | Percentage® Correl..atlor:. Length of:he the positive the negative
phase stations coefficient periods tren_ds”' trendﬁ'“

Prunus mume Flowering 83 g2 075 59 1 99
Camellia japonica Fiowering 78 77 062 70 5 95
Taraxacum wiggers Flowering 88 83 0863 62 0 100
Prunus yedoensis Matsum. Flowering 99 93 0.88 46 0 100
Prunus yedoensis Matsum, Full flowering 99 93 085 45 1 99
Rhododendron kaempferi Flowering 80 70 0.70 65 [} 100
Wisteria floribunda Flowering 74 100 071 54 0 100
Lespedeza bicolor Turcz, Flowering 73 32 0.53 98 35 65
Hydrangea macrophylla Seringe |Flowering 88 73 0.75 106, 0 100
Lagerstroemia indica Flowering 74 65 059 80 0 100
Miscanthus sinensis Flowering 83 24 051 76 85 15
Ginkgo bifoba \.. Leaf unfolding 76 95 0.70 44 0 100
Ginkgo biloba L. Leaf colouring 74 78 062 58 100 0
Ginkgo biloba L. Leaf fail 76 76 061 78 100 0
Acer palmatum Thunb. Leaf colouring 76 87 0.62 60 100 [¢]
Acer palmatum Thunb Leaf fali 77 71 0.59 82 100 Q

* : Percentage of the meteorological stations with significance level of <1%
¥k . Average value of the stations with significance level of <1%
*¥¥ : Percentage on the basis of the stations with significance level of <1%

Table 3. Results comparison of the linear regression analysis on the leaf unfolding and leaf
fall of Ginkgo biloba L. between the study of Matsumoto e al, (2003) and this study.

. The number of . Percentage of | Percentage of
| e .
Plant Phenhoal:§xca| the meteorological Percentage” Corfrre .atuzr‘\‘ the positive the negative
P stations coetricren trends™"” trends™”
Leaf unfolding 70 94 0.69 0 100
This study Ginkgo biloba L.
Leaf fall 68 80 0.61 100 0
Matsumoto _ . L.eaf unfolding 65 83 no data 0 100
et a/.(2003) Ginkgo biloba L.
| ' Leaf fall 64 70 no data 100 0
L

= Percentage of the meteorological stations with significance level of <1%

=%

Average value of the stations with significance level of <1%

=xw

Percentage on the basis of the stations with significance level of <1%
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Matsum. (flowering and full flowering), Wisteria
Hloribunda (flowering) and Ginkgo biloba L. (leaf
unfolding) showed high percentages and high
correlation coefficients. Therefore, the sensitivities of
these phenological events to air temperature are
relatively high over Japan.

The length of the periods with maximum correlation
coefficient differed from plant phenophases. The
shortest average length of the periods in the 16 types
of plant phenology was 44 days in the case of leaf
unfolding of Ginkgo biloba L. The longest was 106
days for Hvdrangea macrophylla Seringe flowering. In
most of the meteorological stations, the slopes of the
regression line on plant phenology in spring had
negative values. On the other hand, the plant
phenology in autumn had positive values. For a
negative trend (a negative relationship), the dates of
phenological events implied an advanced according to
the increase in temperature, while, positive
relationships meant that the date of phenological
events are delayed.

We compared the results of this study with that of
Matsumoto et al. (2003) about the leaf unfolding and
leaf fail of Ginkgo biloba L. (Table 3). The
meteorological stations used for the statistical analysis
were the 70 meteorological stations with more than 25
vears of records for both phenological and air
temperature data. The meteorological stations that
satisfied significance level of < 1% (F-test) was 94%
in the case of leaf unfolding of Ginkgo biloba L. and
80% in the case of leaf fall. Similarly, Matsumoto et
al., (2003) also obtained high percentage with 83 and
70 for 65 and 64 meteorological stations respectively.
Therefore, we found that the results of two methods
were similar.

In conclusion, using the anomaly of daily
temperature data, we analysed the relationships
between 16 types of plant phenological events and
temperature conditions. Results of the analysis suggest
that some phenological trends reflected responses to
climate change in Japan.
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