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Abstract: For environmental education about climate change issues, selecting events that are already
encountered by people as teaching materials is considered effective. Consideration of changes
in leafing dates over time provides a useful tool, in particular when children themselves observe
plant phenology, which can be achieved using time-lapse imagery. We postulated that creating
an environment where this process can be conducted at school would give children a readiness of
behavior toward resolution of climate change issues. Verification of how adequately children can
undertake the observations is key to establishing the methodology’s effectiveness. In this research,
we used time-lapse images from Shiga Heights, Nagano prefecture, Japan, that were taken once per
day from 1987 to 2004; in each year from this series, we used the images taken from 27 May to 15 June,
inclusive, as these were the dates during which leafing was expected. We created observation sheets
and made these and the time-lapse images available for students on the Internet. As a result of our
analysis of observations made by 543 students using the observation sheets, we determined that the
method had sufficient adequacy for education.
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1. Introduction

In environmental education, generally, educational methods and materials that encourage the
learner’s behavior toward the resolution of environmental issues are required. However, taking action
towards resolution of climate change problems is considered to be difficult for people, owing to the
uncertainty surrounding these issues [1–3]. Nevertheless, it is desirable not to hide the uncertainty
but to face it because there is a concern that many students have misconceptions regarding climate
change [4–7]. In such situations, selecting events that are already encountered by people as teaching
materials is deemed effective.

One climate change-related phenomenon that satisfies this condition is plant phenology.
The temporal occurrence of the life cycle phases or activities of plants and animals throughout the year
is an important indicator of the impact of climate change on ecosystems [8,9]. Computer-based analysis
of time-lapse images of plant communities from a fixed point leads us to a quantitative understanding
of leaf phenology on a time scale of decades [10–14]. However, examining the results of image analysis
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are not direct encounters for children. It is necessary for them to observe time-lapse images themselves
in order to fully grasp the concepts of plant phenology.

Although the possibility of using time-lapse images as materials in teaching climate change
has been previously highlighted, there are only a few studies that aim to verify its validity [15].
Furthermore, previous research using phenology as a teaching aid has been limited in the extent
to which it has highlighted its possible application in this context [16–18]. In the present study,
we focused on school-based education, which is an important source of information for children on
climate change [19]. We postulated that creating an environment where time-lapse images can be used
to observe plant phenology in the classroom would allow more children to enhance the readiness of
behavior toward resolution of climate change issues. In this context, an important baseline is to verify
how adequately children can observe tree phenology using time-lapse images.

In order to achieve this, we released certain time-lapse images on a website for use in school education;
we then analyzed the results to assess the adequacy of students’ plant phenology observations.

2. Materials and Methods

2.1. Time-Lapse Images and Release on the Internet

We used time-lapse images taken from 1987 to 2004 at the Nature Education Park (in Shiga Heights,
Nagano prefecture, Japan; see Figure 1 for examples of images). The images were taken automatically
at around 11:30 a.m. each day throughout the year, and show both deciduous trees (e.g., Betula ermanii,
Betula platyphylla, and Quercus crispula Blume) and evergreen trees (e.g., Tsuga diversifolia, Thuja standishii,
and Abies mariesii). Since there is a precedent case in which phenology experts visually observed plant
phenology using these images [20], we considered their use appropriate in our research.
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Figure 1. Examples of time-lapse images taken at Shiga Heights: (a) 30 May 1999; (b) 30 July 1999;  
(c) 20 October 1999; (d) 20 December 1999. 

From 2005 onward, The Shiga Heights images were not taken owing to a system fault and 
absence of an administrator. Subsequently, in 2011, the Shiga Heights images became a part of the 

Figure 1. Examples of time-lapse images taken at Shiga Heights: (a) 30 May 1999; (b) 30 July 1999;
(c) 20 October 1999; (d) 20 December 1999.

From 2005 onward, The Shiga Heights images were not taken owing to a system fault and absence of
an administrator. Subsequently, in 2011, the Shiga Heights images became a part of the wider Cyberforest
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research project [21]. Time-lapse imaging, which is controlled by the staff of the Cyberforest project team,
was restarted from 2011, from the same location as the 1987 to 2004 series mentioned above. Currently,
images are taken every 30 min, and then immediately made publicly available on the Cyberforest for
Environmental Education (CF4EE) website (http://www.cf4ee.jp/), which also includes links to past image
archives. The most recent image can be viewed live (http://www.cf4ee.jp/otanomo_live); this page also
provides a link to the image archive from 2011. Similar time-lapse images are also taken in other locations as
part of the Cyberforest project. This includes the University of Tokyo Chichibu Forest (Saitama prefecture,
Japan), which also provides time-lapse images appropriate for observing various aspects of tree phenology,
from 1995 to the present. Students are therefore able to compare tree phenology between different locations,
as well as through time.

In our research, we used time-lapse images from the 1987 to 2004 series from Shiga Heights. On he
CF4EE website, we released the images taken from 27 May to 15 June every year during which the
deciduous trees in Shiga Heights open their leaves in an average year. Additionally, we also created
and released observation sheets (see Figure 2 for an example) for use in observing leafing phenology;
these could be used immediately in schools. For this purpose, the images were trimmed so that a
20-day image set (from 27 May to 15 June, relating to a single year within the series) could be fitted
onto a single A4 sheet.
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participating student observed leafing phenology related to a single year included in the 1987 to 2004 
series. We distributed the observation sheets (Figure 2) randomly between students. The students 
determined the leafing date according to the criterion of “the day when more than half of the 
deciduous trees have become green”, and recorded it on the observation sheet. 

Both sessions lasted for approximately 5 min, as part of a lesson about Shiga Heights conducted 
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2.2. Observations of Leafing Phenology by Students

In this research, we selected one junior high school (approximately 160 km airline distance
from Shiga Heights) and one high school (approximately 125 km airline distance from Shiga
Heights). A total of 208 junior high school students and 335 high school students observed leafing
phenology in the classroom of their school using the observation sheets released on the CF4EE website.
Each participating student observed leafing phenology related to a single year included in the 1987 to
2004 series. We distributed the observation sheets (Figure 2) randomly between students. The students
determined the leafing date according to the criterion of “the day when more than half of the deciduous
trees have become green”, and recorded it on the observation sheet.

Both sessions lasted for approximately 5 min, as part of a lesson about Shiga Heights conducted by
one of the authors. We set the 5 min timeframe to ensure that the exercise could be incorporated easily
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within the time-limited curriculum of schools, although it is preferable to spend more time explaining
to students about the observation, if possible. After the 5 min observation period, the students were
presented with examples of observations made by the authors. We explained to them that the data
series from 1987 to 2004 was too short a period to be able to observe climate change trends, and that it
is important to take and store time-lapse images for a longer period, such as 50 or 100 years.

2.3. Analysis of Observation Results by Students

In order to examine the adequacy of the observation results by the students, we compared them
with an analysis of results based on the RGB color model of the time-lapse images, in which a vegetation
green excess index of 2G-RBi was used [10]. The 2G-RBi index was determined based on the pixel
values for each image channel (R_DN, G_DN, B_DN), extracted and averaged for each time-lapse image,
calculated using the GD library (https://www.libgd.org/) in the PHP (version 5.5) language:

rG = G_DN/(R_DN + G_DN + B_DN), (1)

rR = R_DN/(R_DN + G_DN + B_DN), (2)

rB = B_DN/(R_DN + G_DN + B_DN), (3)

2G-RBi = (rG − rR) + (rG − rB) = 2rG − (rR + rB) (4)

Furthermore, we calculated the mean and sample variance for the leafing dates for each year
determined by the students. There were no data for 1997, as no images were taken in this year at
Shiga Heights. Furthermore, the 1998 data were excluded from the analysis because leafing in this year
was much earlier than in other years included in the series, as it had a leafing date earlier than 27 May
(the first day included on the observation sheet). The leafing date was represented in the calculations by
the figure for the number of days after 1 May on which it was observed to occur in each year, e.g., leafing
date of 5 June would be recorded as 36 days. Means and variances were calculated separately for the
two groups of students (junior high, and high school), and also for a combination of both sets of students.
In order to examine whether the observation result is influenced by students’ age, the difference in mean
between the junior high school and high school students was tested by a Mann–Whitney U test, and the
difference in variance between the two groups was tested using an F-test.

3. Results

3.1. Release of the Time-Lapse Images and Observation Sheets on the Internet

The time-lapse images from 1987 to 2004 (except 1997) from Shiga Heights and the observation
sheets for recording leafing phenology at that location were released on the Internet (http://www.
cf4ee.jp/eeotanomo; Figure 3 shows the website appearance). Users can download observation sheets
from the website either individually or collectively in the form of A4-size PDF files, and time-lapse
images by year or collectively in the form of JPEG files. A Creative Commons “Attribution-ShareAlike”
license was applied to the contents.
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Figure 3. The appearance of the website on which the time-lapse images and observation sheets were 
released, and from which users can download: (a) the observation sheets in the form of A4-size PDF 
files, either individually or collectively; (b) the time-lapse images in the form of JPEG files, by year or 
collectively. 

3.2. Results of Observations by Students 

The leafing date observations determined by students and 2G-RBi analysis results are shown in 
Figure 4. It is necessary to note that the 2G-RBi value decreases on cloudy, foggy, or rainy days. The 
mean and sample variance of the leafing dates determined by students are shown in Table 1. 

Years when the variance was small (in 1989, 1990, 1992, 2004 etc.) contained a period when the 
value of 2G-RBi rose within a short span of time, indicating a rapid advancement of leafing, with 
many students determining the leafing date to be within this period (cf. Figure 4c,d,f,p). The small 
variance in 1995 was because many students determined two specific sunny days (7 June and 11 June) 
to be the leafing date (cf. Figures 4i and 5). In the years when the variance was large, this is explained 
by either a slow rise in the value of 2G-RBi (in 1991, 1993, 2001, 2003 etc.; cf. Figure 4e,g,m,o), or by 
some students having an insufficient understanding of the observation method (in 1987, 1999 etc.; cf. 
Figure 4a,k). 

  

Figure 3. The appearance of the website on which the time-lapse images and observation sheets were
released, and from which users can download: (a) the observation sheets in the form of A4-size PDF
files, either individually or collectively; (b) the time-lapse images in the form of JPEG files, by year
or collectively.

3.2. Results of Observations by Students

The leafing date observations determined by students and 2G-RBi analysis results are shown
in Figure 4. It is necessary to note that the 2G-RBi value decreases on cloudy, foggy, or rainy days.
The mean and sample variance of the leafing dates determined by students are shown in Table 1.

Years when the variance was small (in 1989, 1990, 1992, 2004 etc.) contained a period when the
value of 2G-RBi rose within a short span of time, indicating a rapid advancement of leafing, with many
students determining the leafing date to be within this period (cf. Figure 4c,d,f,p). The small variance
in 1995 was because many students determined two specific sunny days (7 June and 11 June) to be the
leafing date (cf. Figures 4i and 5). In the years when the variance was large, this is explained by either a
slow rise in the value of 2G-RBi (in 1991, 1993, 2001, 2003 etc.; cf. Figure 4e,g,m,o), or by some students
having an insufficient understanding of the observation method (in 1987, 1999 etc.; cf. Figure 4a,k).



Environments 2018, 5, 7 6 of 10

Environments 2018, 5, 7 6 of 10 

 

 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 

(i) (j) 

(k) (l) 

Figure 4. Cont.



Environments 2018, 5, 7 7 of 10
Environments 2018, 5, 7 7 of 10 

 

(m) (n) 

(o) (p) 

Figure 4. The leafing date counts determined by students, and 2G-RBi analysis results. The horizontal 
axis shows the leafing dates determined by students in the form of the number of days after 1 May; 
the left vertical axis shows the number of students who determined each date (number of days after 
1 May) as the leafing date; and the right vertical axis shows the values for 2G-RBi. 

Table 1. Results of observations made by junior high school and high school students. 

Year 
Junior High School Students High School Students All Students 
N Mean 3 Variance N Mean 3 Variance N Mean 3 Variance 

1987 15 34.9 9.45 18 34.2  4.81  33 34.5  7.04  
1988 13 40.4 15.62 ** 19 41.9  2.83 ** 32 41.3  8.58  
1989 13 37.5 5.94 ** 20 36.5  0.65 ** 33 36.9  2.96  
1990 15 38.3 2.62 20 39.0  4.00  35 38.7  3.52  
1991 14 35.4 18.80 ** 19 36.6  3.50 ** 33 36.1  10.39  
1992 15 41.3 0.36 ** 20 40.9  2.29 ** 35 41.1  1.51  
1993 15 39.7 6.36 21 41.0  7.09  36 40.4  7.19  
1994 13 37.1 9.76 * 20 36.7  2.73 * 33 36.8  5.54  
1995 15 38.9 3.05 20 38.6  4.05  35 38.7  3.64  
1996 13 37.6 5.31 21 38.1  7.07  34 37.9  6.47  

1997 1 - - - - - - - - - 
1998 2 13 - - 21 - - 34 - - 
1999 12 37.6 13.74 * 20 36.6  4.55 * 32 36.9  8.25  
2000 13 36.8 6.28 17 37.6  3.42  30 37.3  4.80  
2001 13 35.9 9.61 20 36.0  7.05  33 35.9  8.06  
2002 10 33.9 6.09 21 34.8  4.44  31 34.5  5.15  
2003 3 37.0 0.00 19 36.3  8.30  22 36.4  7.23  
2004 3 31.3 1.56 19 32.2  1.92  22 32.0  1.95  

1 No images are available for Shiga Heights in 1997. 2 Data for 1998 were excluded because the leafing 
date in this year was earlier than 27 May, which is the first day covered by the observation sheets.  
3 The mean values for leafing date are represented as the number of days since 1 May in each year.  
* The F-test showed a significance difference (p = 0.05). ** The F-test showed a significance difference 
(p = 0.01). 

Figure 4. The leafing date counts determined by students, and 2G-RBi analysis results. The horizontal
axis shows the leafing dates determined by students in the form of the number of days after 1 May;
the left vertical axis shows the number of students who determined each date (number of days after
1 May) as the leafing date; and the right vertical axis shows the values for 2G-RBi.

Table 1. Results of observations made by junior high school and high school students.

Year
Junior High School Students High School Students All Students

N Mean 3 Variance N Mean 3 Variance N Mean 3 Variance

1987 15 34.9 9.45 18 34.2 4.81 33 34.5 7.04
1988 13 40.4 15.62 ** 19 41.9 2.83 ** 32 41.3 8.58
1989 13 37.5 5.94 ** 20 36.5 0.65 ** 33 36.9 2.96
1990 15 38.3 2.62 20 39.0 4.00 35 38.7 3.52
1991 14 35.4 18.80 ** 19 36.6 3.50 ** 33 36.1 10.39
1992 15 41.3 0.36 ** 20 40.9 2.29 ** 35 41.1 1.51
1993 15 39.7 6.36 21 41.0 7.09 36 40.4 7.19
1994 13 37.1 9.76 * 20 36.7 2.73 * 33 36.8 5.54
1995 15 38.9 3.05 20 38.6 4.05 35 38.7 3.64
1996 13 37.6 5.31 21 38.1 7.07 34 37.9 6.47

1997 1 - - - - - - - - -
1998 2 13 - - 21 - - 34 - -
1999 12 37.6 13.74 * 20 36.6 4.55 * 32 36.9 8.25
2000 13 36.8 6.28 17 37.6 3.42 30 37.3 4.80
2001 13 35.9 9.61 20 36.0 7.05 33 35.9 8.06
2002 10 33.9 6.09 21 34.8 4.44 31 34.5 5.15
2003 3 37.0 0.00 19 36.3 8.30 22 36.4 7.23
2004 3 31.3 1.56 19 32.2 1.92 22 32.0 1.95

1 No images are available for Shiga Heights in 1997. 2 Data for 1998 were excluded because the leafing date in this
year was earlier than 27 May, which is the first day covered by the observation sheets. 3 The mean values for leafing
date are represented as the number of days since 1 May in each year. * The F-test showed a significance difference
(p = 0.05). ** The F-test showed a significance difference (p = 0.01).
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observations in a school classroom setting. Preparation only involves printing A4-size PDF files in 
color, which can be easily implemented in many schools. When observations are carried out using 
the same method as described in this research, the time required is about 5–10 min, which can easily 
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observation results themselves, enabling them to have a more in-depth discussion of the use of 
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not considered. However, the data series in Shiga Heights is definitely important for studies on the 
recent climate change, especially in 1998, as the extraordinary weather conditions seemed to alter the 
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In 1988, 1989, 1991, and 1992, the F-test revealed a significant difference (p = 0.01) in sample
variance between junior high school and high school students. There was also a significant difference
(p = 0.05) in sample variance in 1994 and 1999. In 1992, the results for high school students showed a
larger variance, probably because one of the students in that group did not properly understand the
observation method; the variance was therefore caused by individual error, and did not indicate a
difference between the two student groups. In other years with significant differences, the junior high
school students had a larger variance, suggesting that observing leafing phenology was somewhat
difficult for this younger group of students. However, the Mann–Whitney U test revealed no significant
difference in the mean values between junior high school and high school students in any year;
the larger variances recorded for junior high school students compared to the high school students did
not therefore affect the mean values.

4. Discussion

In making observations of leafing phenology, many students determined the leafing date to fall
within the period in which the value of 2G-RBi rose. This suggests a certain level of adequacy for the
observation results. It is at least sufficiently accurate for students to confirm that the leafing period
varies from year to year, and is therefore useful as a trigger in considering the relationship with climate
change. Some students did not however seem to have an adequate understanding of the methodology;
this highlights that it is important for the supervising teacher to confirm whether individual students
are using the observation method correctly, especially for younger students, and that a longer time
than 5 min might be required for making the observations.

Making the observation sheets available on the Internet facilitates undertaking plant phenology
observations in a school classroom setting. Preparation only involves printing A4-size PDF files in
color, which can be easily implemented in many schools. When observations are carried out using
the same method as described in this research, the time required is about 5–10 min, which can easily
be incorporated within a lesson. It is also desirable for the teacher to present aggregated observation
results to the participating students later, to complete the exercise. On the other hand, if more time
can be secured, an even better learning opportunity would be provided if students can aggregate
the observation results themselves, enabling them to have a more in-depth discussion of the use of
phenology observation in determining leafing dates. In this latter case, it would be effective to print
the observation sheets or individual time-lapse images released in this research in a larger format,
so that multiple students can observe them at the same time.

In the present study, the educational outcomes of making plant phenology observations were
not considered. However, the data series in Shiga Heights is definitely important for studies on the
recent climate change, especially in 1998, as the extraordinary weather conditions seemed to alter
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the plant phenology during this year. Furthermore, it is also probably important to compare the
results obtained during 1987–2004 with those obtained in the recent years (from 2011). In this way,
our research indicated that using time-lapse imaging for plant phenology observations is feasible in
education. The possibility of similar visualization methods promoting action in problem-solving has
been previously highlighted [22,23]. In addition, the methods of the present study are contributive
to the training requirement in the citizen science network that asks volunteers to identify phenology
from photos captured by time-lapse cameras [24]. By examining the educational outcomes from the
viewpoints of both environmental education and citizen science, the importance of the role played by
plant phenology observation using time-lapse images will be established.
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