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To further develop the accuracy of monitoring cherry flowering dates, we require

phenological records from multiple points in multiple years at the catchment

scale, as well as conventional in situ phenological observations, phenological

data published on the Internet, and analysis using statistics of Internet search

engines. We tried to detect the dates of cherry flowering phenology along the

Tarumi railway, Gifu Prefecture, Japan, by using Flickr, an image hosting service,

and YouTube, an online video sharing and social media platform.We detected full

bloom of Cerasus×yedoensis and Cerasus jamasakuramainly at cherry blossom

viewing spots (around some train stations) on Flickr and at both viewing spots

and multiple points in the landscape along the railway on YouTube. Despite local

climatological di�erences along the railway, the detected full blooming dates

corresponded not only with each other, but also with the full bloom period

of Neodani Usuzumi-zakura (Cerasus itosakura), a famous tree with long-term

detailed records.We could not detect the date and location inmany photographs

on Flickr or in any videos on YouTube. However, the usefulness of both platforms

is supported by the facts that we can evaluate the year-to-year variability of full

bloom dates, especially at cherry blossom viewing spots, and detect flowering

phenology even in a non-photogenic landscape. By applying our method to

other railways, we expect to collect multi-year records of plant phenology dates

at multiple points that cannot be collected by older methods.
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1 Introduction

Cherry flowering phenology is the most typical spring phenology in Japan. Before the

history of modern meteorological observations, the flowering of cherry blossoms, along

with that ofMagnolia kobus, was rooted in people’s lives as an indicator of when to prepare

fields (Iwasaki, 2018). In fact, many deciduous trees flush at the same time as or after

cherry (Sato, 2014). The practice of hanami, or cherry blossom viewing, started in the 18th

century CE (Iwasaki, 2018), but the hanami festival in the Imperial Palace dates back to the

9th century CE (Aono and Kazui, 2008). These traditions formed the basis of Japanese

culture and sense of the seasons. However, climate change due to global warming has

changed the spatio-temporal variability of cherry flowering phenology. For instance, in

Japan, the mean national first flowering (FFL) date of Cerasus×yedoensis has advanced by

1.2 days per decade from 1953 to 2022 (JMA, 2023). Abnormal flowering behaviors such

as not flowering or not reaching full bloom has been reported at the southern limit of the

Frontiers in Sustainable Tourism 01 frontiersin.org

https://www.frontiersin.org/journals/sustainable-tourism
https://www.frontiersin.org/journals/sustainable-tourism#editorial-board
https://www.frontiersin.org/journals/sustainable-tourism#editorial-board
https://www.frontiersin.org/journals/sustainable-tourism#editorial-board
https://www.frontiersin.org/journals/sustainable-tourism#editorial-board
https://doi.org/10.3389/frsut.2024.1280685
http://crossmark.crossref.org/dialog/?doi=10.3389/frsut.2024.1280685&domain=pdf&date_stamp=2024-02-07
mailto:nagais@jamstec.go.jp
https://doi.org/10.3389/frsut.2024.1280685
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/frsut.2024.1280685/full
https://www.frontiersin.org/journals/sustainable-tourism
https://www.frontiersin.org


Shin et al. 10.3389/frsut.2024.1280685

tree’s distribution (Katsuki, 2015; http://www.hachijo-vc.com/

index.php). In addition, the correlation between the FFL date of

C. ×yedoensis and latitude has decreased from 1953 to 2020 owing

to the delayed release of endodormancy due to warming in winter

(Nagai et al., 2020b). Nagai et al. (2019) reported a temporal change

of the relationship between the periods of cherry flowering and

festivals in two Japanese cities under past, current, and future

climate conditions. For these reasons, accurate monitoring of the

spatio-temporal variability of cherry flowering and full bloom has

an important role in understanding not only cultural ecosystem

services (i.e., aesthetic, psychological, touristic, and recreational),

but also the sensitivity of ecosystems and people’s lives to climate

change (i.e., in adapting or migrating).

How can we advance the accuracy of monitoring cherry

flowering phenology? Using data collected at specific trees, previous

studies detected spatio-temporal characteristics of flowering

phenology due to climatological gradients along latitude and

elevation (Nagai et al., 2020b) and also to the effect of heat

islands and microclimate within cities (Matsumoto et al., 2006;

Ohashi et al., 2012). Such data include systematic errors caused

by differences among observers but have the advantage of

detail. However, such labor-intensive and time-consuming visual

inspection prevents us from taking multiple observations over

many years on a wide scale. To resolve this limitation, recent studies

reported the usefulness of cherry flowering information published

on web sites (e.g., “tenki.jp,” https://tenki.jp/sakura/; “Weather

News,” https://weathernews.jp/sakura/) and of analytical statistics

of Internet search engines (e.g., Google Trends; Shin et al., 2022b).

In fact, by analyzing leaf-coloring information published on web

sites, two studies reported the spatio-temporal characteristic of

leaf-coloring phenology along latitudinal and elevational gradients

(Nagai et al., 2020a) and the validity of the spatio-temporal

distribution of leaf-coloring and leaf-fall dates detected by the

analysis of time-series of satellite-observed vegetation index data

(Tsutsumida et al., 2022), albeit not in cherry. In addition, Shin

et al. (2022b) validated that the seasonal peak of “relative search

volume” on Google Trends for Japan’s three great cherry trees, as

proxy data for people’s interest in dates, correlated closely with the

actual full bloom period by verification against flowering phenology

data collected daily on site. However, the information published on

web sites and applicable search terms on Google Trends are limited

to famous cherry viewing spots and to web sites aimed at tourists

and cherry blossom viewers.

Today, society is ubiquitously networked, and most people

can freely upload, share, and acquire text, photographs, audio,

and videos on the Internet through social networking sites and

audio and video distribution services (i.e., social media). Among

sites, Twitter (now X; https://twitter.com/) and Facebook (https://

www.facebook.com/) cater to text, Flickr (https://www.flickr.

com/), Instagram (https://www.instagram.com/), and Mapillary

(https://www.mapillary.com/) to photographs, Apple and Spotify

podcasts (https://www.apple.com/apple-podcasts/; https://open.

spotify.com/genre/podcasts-web) to audio, and YouTube (https://

www.youtube.com/) and TikTok (https://www.tiktok.com/en/) to

videos. The content is distributed among very large populations

with diverse aims, and thus the character of data differs between

published phenological information and social media. However,

the vast amount of data on social media may allow us to detect

phenological data on many unmonitored cherry trees over a wide

scale. In particular, we anticipate that we can acquire data even in

unremarkable landscapes not favored for cherry blossom viewing.

Photographs and videos that record dates and locations may allow

us to examine the year-to-year variability of cherry flowering

phenology. In fact, the usefulness of Flickr and Mapillary in the

evaluation of the spatio-temporal distribution of cherry flowering

in Japan has been reported (El Qadi et al., 2021, 2023; Funada and

Tsutsumida, 2022a,b), though not that of YouTube, although De

Frenne et al. (2018) indicated the usefulness of archived broadcast

TV programmes of professional road cycling races in Belgium to

evaluate the response of tree phenology to climate change along the

course of the race at a decadal scale.

Here, to test our hypothesis, we examined the feasibility of

using photographs uploaded on Flickr and videos on YouTube

to detect cherry flowering phenology along the Tarumi railway,

in Gifu Prefecture, Japan, and then evaluated the spatio-temporal

distribution of the phenology along the railway. We examined the

relationship between the detected flowering dates and long-term

detailed records of flowering of the famous Neodani Usuzumi-

zakura (Cerasus itosakura), which grows near the railway. We

assumed that there are potentially many photographs and videos

uploaded on Flickr and YouTube, because many tourists, cherry

blossom viewers, and railroad fans visit the cherry blossoms here.

The aim of this study was to clarify the usefulness, uncertainty, and

future perspectives of our proposed new phenological study using

photographs uploaded on Flickr and videos on YouTube.

2 Materials and methods

Our target was the landscape along the Tarumi railway, which

connects Ogaki Station (Ogaki City, Gifu Prefecture; 35◦22
′

00.3
′′

N,

136◦37
′

04.2
′′

E) with Tarumi Station (Motosu City, Gifu Prefecture;

35◦38
′

08.5
′′

N, 136◦36
′

55.4
′′

E; https://tarumi-railway.com/). The

railway is an unelectrified branch line that covers 34.5 km and 19

stations (Figure 1). The landscape from Ogaki to Oribe stations

is a plain covered mainly with settlements, rice paddies, and

persimmon orchards, whereas that fromOribe to Tarumi stations is

mountainous and is covered with deciduous broad-leaved forests,

evergreen coniferous forests, rice paddies, and settlements up the

Neo River valley (Table 1). The Neodani Usuzumi-zakura tree,

with an estimated age of about 1,500 years, grows about 700m

south-west of Tarumi Station (35◦37
′

55.9
′′

N, 136◦36
′

31.7
′′

E; 200m

a.s.l.; https://www.city.motosu.lg.jp/category/2-18-0-0-0-0-0-0-0-

0.html). In the flowering period, the Tarumi railway is crowded

with many tourists, cherry blossoms viewers, and railroad fans.

Although the direct distance between Ogaki and Tarumi stations

is only about 30 km, the winter conditions vary widely along

the route, with sporadic snow cover around Ogaki Station but

continuous snow cover around Tarumi Station. The mean annual

maximum snowfall at the Tarumi weather station, about 1,100m

east-north-east of Tarumi Station (35◦38
′

20.8
′′

N, 136◦36
′

11.8
′′

E;

190m a.s.l.), was 72 cm (1991–2020; https://www.data.jma.go.jp/

obd/stats/etrn/index.php).

To detect the cherry flowering phenology along the

railway, we searched for “ ” (“Tarumi railway”) on

Flickr (https://www.flickr.com/) on 11 and 12 June 2023
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FIGURE 1

(A) Location of the Tarumi railway. (B) Route of the railway, administrative boundaries, elevation, and Neo River. The map is sourced from the ALOS

World 3D-30m (AW3D30) digital surface model with a 30-m spatial resolution (https://www.eorc.jaxa.jp/ALOS/en/dataset/aw3d30/aw3d30_e.htm),

the Ministry of Land, Infrastructure, Transport and Tourism of Japan (https://nlftp.mlit.go.jp/ksj/gml/datalist/KsjTmplt-N03-v2_4.html) and “10m

cultural vectors” (https://www.naturalearthdata.com/downloads/10m-cultural-vectors/).
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TABLE 1 Cherry flowering phenology detected from Flickr and YouTube.

Station Elevation
(m)

Land cover and use
within 500 m

Flickr YouTube

Tarumi 166 Rice paddy, settlement,

evergreen coniferous forest,

deciduous broad-leaved

forest, Neo River

Cy: FB 16 Apr 2011;

20%−30%

flowering–FB 27

Mar 2021

Cy: FB 6 Apr, 12 Apr 2014; FB 10 Apr, 11 Apr 2015; FB 9 Apr 2016;

scattering–green leaves 12 Apr 2016; FB 15 Apr 2017; FB 8 Apr, 9 Apr,

13 Apr 2019; FB 4 Apr 2020; FB 31 Mar, 1 Apr 2021; FB 2 Apr, 9 Apr

2022; 50% flowering–FB 27 Mar 2023; FB 28 Mar, 31 Mar, 2 Apr 2023;

green leaves 8 Apr 2023

Cj: FB 9 Apr 2019

Csp: FB 9 Apr 2016; FB 1 Apr 2018; FB 9 Apr 2019; FB 31 Mar 2021;

FB 28 Mar, 2 Apr 2023

Cy: FB 27 Mar 2021 Cy: FB 6 Apr 2014; FB 10 Apr, 11 Apr 2015; FB 9 Apr 2016; FB 15 Apr

2017; FB 1 Apr 2018; FB 4 Apr 2020; FB 31 Mar, 1 Apr 2021; FB 2 Apr,

9 Apr 2022; FB 27 Mar, 28 Mar, 31 Mar 2023; green leaves 8 Apr 2023

Cj: FB 6 Apr 2014; FB 10 Apr 2015; FB 28 Mar, 4 Apr 2020; FB 27 Mar,

28 Mar 2023

Csp: FB 6 Apr 2014; FB–scattering 12 Apr 2014; FB 10 Apr, 11 Apr

2015; FB 9 Apr 2016; green leaves 12 Apr 2016; FB 15 Apr 2017; FB 1

Apr 2018; 50% flowering 4 Apr 2020; FB 1 Apr 2021; FB 2 Apr, 9 Apr

2022; FB 28 Mar, 31 Mar 2023; green leaves 8 Apr 2023

Midori 164 Rice paddy, settlement,

evergreen coniferous forest,

Neo River

Cy: FB 16 Apr 2011 Cy: FB 6 Apr, 12 Apr 2014; FB 10 Apr, 11 Apr 2015; FB 9 Apr 2016;

scattering–green leaves 12 Apr 2016; FB 1 Apr 2018; FB 28 Mar, 4 Apr,

6 Apr 2020; FB 31 Mar, 1 Apr 2021; FB 9 Apr 2022; FB 27 Mar, 28 Mar,

31 Mar 2023; green leaves 8 Apr 2023

Cy: FB 16 Apr 2011;

20%−30%

flowering–FB 27

Mar 2021

Cy: FB 6 Apr 2014; FB 10 Apr, 11 Apr 2015; FB 9 Apr 2016; green

leaves 12 Apr 2016; FB 1 Apr 2018; FB 28 Mar 2020; FB 31 Mar, 1 Apr

2021; FB 2 Apr, 5 Apr, 9 Apr 2022; FB 27 Mar, 28 Mar, 31 Mar 2023;

green leaves 8 Apr 2023

Cj: FB 6 Apr 2014; FB 28 Mar 2020; FB 9 Apr 2022

Csp: FB 6 Apr 2014; FB 10 Apr, 11 Apr 2015; FB 9 Apr 2016; scattering

12 Apr 2016; FB 1 Apr 2018; FB 1 Apr 2021; 70% flowering 9 Apr 2022;

FB 2 Apr 2022; 70% flowering 31 Mar 2023; FB 28 Mar 2023; green

leaves 8 Apr 2023

Takao 158 Rice paddy, settlement,

evergreen coniferous forest,

deciduous broad-leaved

forest, Neo River

Cy: FB 14 Apr 2010 Cy: FB 6 Apr 2014; FB 10 Apr, 11 Apr 2015; FB 9 Apr 2016; FB 1 Apr

2018; FB 6 Apr 2019; FB 4 Apr 2020; FB 1 Apr 2021; FB 2 Apr, 5 Apr, 9

Apr 2022; FB 28 Mar, 31 Mar 2023; green leaves 8 Apr 2023

Cj: FB 16 Apr 2011 Cy: FB 6 Apr 2014; FB 1 Apr 2018; FB 1 Apr 2021

Cj: FB 6 Apr 2014; FB 10 Apr 2015; FB 1 Apr 2018; FB 1 Apr 2021; FB

28 Mar 2023

Hinata 130 Rice paddy, settlement,

evergreen coniferous forest,

deciduous broad-leaved

forest, Neo River

Cy: FB 16 Apr 2011;

FB 31 Mar 2018; FB

25 Mar 2021

Cy: FB 13 Apr 2005; FB 8 Apr 2013; FB 5 Apr, 6 Apr, 9 Apr, 12 Apr

2014; FB 10 Apr, 12 Apr 2015; FB–scattering 11 Apr 2015; FB 9 Apr

2016; green leaves 12 Apr 2016; FB 15 Apr, 16 Apr 2017; FB 31 Mar, 1

Apr, 3 Apr 2018; FB 6 Apr, 9 Apr, 13 Apr 2019; FB 4 Apr, 6 Apr 2020;

FB 31 Mar, 1 Apr 2021; FB 2 Apr, 9 Apr 2022; FB 24 Mar, 28 Mar, 31

Mar 2023; green leaves 8 Apr 2023

Cj: FB 9 Apr 2014

Cy: FB 16 Apr 2011;

FB 31 Mar 2018; FB

25 Mar 2021

Cj: FB 31 Mar 2018;

FB 27 Mar 2021

Cy: FB 6 Apr, 9 Apr 2014; FB 10 Apr 2015; FB 15 Apr 2017; FB 1 Apr

2018; FB 6 Apr, 9 Apr 2019; FB 31 Mar, 1 Apr 2021; FB 2 Apr 2022; FB

28 Mar 2023; green leaves 8 Apr 2023

Cj: FB 6 Apr 2014; FB 31 Mar, 1 Apr 2018; FB 6 Apr, 9 Apr 2019; FB 6

Apr 2020; FB 2 Apr 2022; FB 27 Mar 2023

Csp: FB 10 Apr 2015

Nabera 105 Rice paddy, settlement,

evergreen coniferous forest,

deciduous broad-leaved

forest, Neo River

NA Cy: FB 6 Apr 2014; FB 10 Apr, 11 Apr 2015; FB 15 Apr 2017; FB 1 Apr

2018; FB 4 Apr 2020; FB 1 Apr 2021; FB 2 Apr, 9 Apr 2022; FB 28 Mar

2023

Csp: FB 8 Apr 2023

NA Cy: FB 6 Apr 2014; FB 10 Apr 2015; FB 1 Apr 2018; FB 1 Apr 2021; FB

2 Apr 2022; FB 28 Mar 2023

Takashina 96 Rice paddy, Neo River Cy: FB 31 Mar 2018 Cy: FB 6 Apr 2014; FB–scattering 12 Apr 2014; FB–scattering 10 Apr,

11 Apr 2015; FB–scattering 9 Apr 2016; green leaves 12 Apr 2016;

before flowering 6 Apr 2017; FB 9 Apr, 15 Apr 2017; FB 1 Apr 2018; FB

6 Apr, 9 Apr, 13 Apr 2019; FB 4 Apr, 6 Apr 2020; FB 31 Mar, FB 1 Apr

2021; FB 2 Apr, 9 Apr 2022; FB 28 Mar, 31 Mar, 2 Apr 2023; green

leaves 8 Apr 2023

(Continued)
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TABLE 1 (Continued)

Station Elevation
(m)

Land cover and use
within 500 m

Flickr YouTube

NA Cy: FB 5 Apr, 6 Apr 2014; FB 10 Apr 2015; FB 1 Apr 2018; FB 6 Apr

2019; 1 Apr 2021; FB 2 Apr 2022; FB 31 Mar 2023

Csp: FB 10 Apr 2015; FB 28 Mar 2023

Koumi 83 Rice paddy, settlement,

evergreen coniferous forest,

deciduous broad-leaved forest

Cy: FB 11 Apr 2010;

20%−30%

flowering: 16 Apr

2011

Cy: FB 12 Apr 2014; FB 10 Apr 2015; FB 1 Apr 2018; FB 4 Apr 2020

NA Cy: FB 6 Apr 2014; FB 10 Apr 2015; FB 1 Apr 2018; FB 2 Apr 2022; FB

28 Mar, 31 Mar 2023; green leaves 8 Apr 2023

Cj: FB 2 Apr 2022

Tanigumi-

guchi

67 Rice paddy, settlement, Neo

River

Cy: FB 10 Apr, 14

Apr 2010; FB 14

Apr 2011; 50%

flowering–FB 16

Apr 2011; FB 2 Apr,

3 Apr 2016; FB 9

Apr 2016; FB 9 Apr,

12 Apr, 15 Apr, 16

Apr 2017; FB 9 Apr,

13 Apr 2019; FB 27

Mar 2021

Cy: FB 2 Apr 1992; FB 16 Apr 2006; FB 6 Apr 2010; FB 13 Apr, 14 Apr

2011; FB 5 Apr 2013; FB 5 Apr, 6 Apr, 9 Apr 2014; FB–scattering 12

Apr 2014; before flowering 28 Mar 2015; flowering 31 Mar 2015; FB 10

Apr, 11 Apr 2015; scattering–green leaves 12 Apr 2015; FB 5 Apr, 9 Apr

2016; 20–30% flowering 6 Apr 2017; FB 9 Apr, 15 Apr 2017; FB 1 Apr,

3 Apr 2018; 50% flowering–FB 6 Apr 2019; FB 9 Apr, 13 Apr 2019;

20%−30% flowering–FB 30 Mar 2020; FB 4 Apr, 6 Apr 2020; FB 27

Mar, 31 Mar, 1 Apr 2021; FB 2 Apr, 5 Apr, 9 Apr 2022; FB 27 Mar, 28

Mar, 29 Mar, 31 Mar, 1 Apr 2023; green leaves 8 Apr 2023

Csp: FB 31 Mar 2023

Cy: FB 4 Apr 2010;

20%−50%

flowering 16 Apr

2011; FB 14 Apr

2011; FB 9 Apr

2016; FB 9 Apr, 12

Apr 2017; 70%

flowering 29 Mar

2020; FB 30 Mar

2021

Csp: 50% flowering

16 Apr. 2011;

flowering–FB 9

Apr 2016

Cy: before flowering 28 Mar 1992; FB 6 Apr 2010; flowering–FB 14 Apr

2011; scattering 8 Apr 2013; FB 5 Apr, 6 Apr, 9 Apr 2014; scattering 12

Apr 2014; FB 4 Apr, 8 Apr, 10 Apr, 11 Apr 2015; FB 5 Apr 2016; green

leaves 9 Apr 2016; FB 9 Apr, 15 Apr 2017; FB 31 Mar, 1 Apr 2018; FB 6

Apr 2019; 50% flowering 13 Apr 2019; FB 4 Apr 2020; flowering–FB 31

Mar 2021; FB 1 Apr 2021; FB 2 Apr, 5 Apr, 9 Apr 2022; FB 27 Mar, 28

Mar, 29 Mar, 31 Mar 2023; green leaves 8 Apr 2023

Cj: FB 1 Apr 2018; FB 6 Apr 2019; FB 31 Mar 2021; FB 29 Mar 2023

Csp: flowering 14 Apr 2011; before flowering–flowering 6 Apr 2014; FB

12 Apr 2014; before flowering–FB 4 Apr, 10 Apr 2015; FB 11 Apr 2015;

FB–scattering 9 Apr 2016; flowering–FB 12 Apr 2016; FB 15 Apr 2017;

flowering−50% flowering 1 Apr 2018; before flowering 6 Apr 2019;

before flowering 4 Apr 2020; flowering–FB 31 Mar, 1 Apr 2021; before

flowering−20%−30% flowering 2 Apr 2022; FB 9 Apr 2022; before

flowering–flowering 28 Mar 2023; 70% flowering 31 Mar 2023;

FB–scattering 8 Apr 2023

Kochibora 57 Rice paddy, settlement, Neo

River

Cy: FB 4 Apr 2010;

scattering 14 Apr

2010; FB 14 Apr

2011; FB 9 Apr, 12

Apr 2017; 70%

flowering 29 Mar

2020; FB 30 Mar

2021

Cy: before flowering 28 Mar 1992; FB 6 Apr 2010; FB 14 Apr 2011; FB

15 Apr 2012; scattering 8 Apr 2013; FB 5 Apr, 6 Apr, 9 Apr, 12 Apr

2014; before flowering 28 Mar 2015; FB 4 Apr, 8 Apr, 10 Apr 2015;

flowering 5 Apr 2016; green leaves 9 Apr 2016; FB 9 Apr, 15 Apr 2017;

FB 31 Mar, 1 Apr, 3 Apr 2018; FB 6 Apr, 13 Apr 2019; FB 4 Apr 2020;

FB 31 Mar, 1 Apr, 3 Apr 2021; FB 1 Apr, 2 Apr, 5 Apr 2022; FB 25 Mar,

27 Mar, 28 Mar, 31 Mar 2023; green leaves 8 Apr 2023

Cy: FB 14 Apr 2011 Cy: before flowering 28 Mar 1992; FB 6 Apr 2010; flowering–FB 14 Apr

2011; FB 15 Apr 2012; scattering 8 Apr 2013; FB 5 Apr, 6 Apr 2014; FB

4 Apr, 10 Apr 2015; flowering–FB 5 Apr 2016; FB 15 Apr 2017; FB 1

Apr 2018; FB 6 Apr, 13 Apr 2019; FB 4 Apr 2020; FB 31 Mar, 1 Apr

2021; FB 1 Apr, 2 Apr, 5 Apr 2022; FB 25 Mar, 27 Mar, 28 Mar, 31 Mar

2023; green leaves 8 Apr 2023

Cj: FB 6 Apr 2019; FB 1 Apr, 2 Apr 2022

Csp: FB 10 Apr 2015; FB 9 Apr 2016; FB 28 Mar 2023

Oribe 44 Settlement, rice paddy,

evergreen coniferous forest

NA NA

NA Cy: FB 2 Apr 2022

Cj: FB 28 Mar 2023

Motosu 37 Settlement, rice paddy NA Cy: FB 1 Apr 2021

NA Cy: FB 1 Apr 2021; FB 2 Apr 2022; FB 31 Mar 2023; FB 28 Mar 2023;

green leaves 8 Apr 2023

Itonuki 26 Settlement, rice paddy NA NA

(Continued)
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TABLE 1 (Continued)

Station Elevation
(m)

Land cover and use
within 500 m

Flickr YouTube

NA NA

Morera Gifu 22 Commercial area, rice paddy NA NA

NA Cy: FB 1 Apr 2021; FB 2 Apr 2022; FB 28 Mar 2023; green leaves 8 Apr

2023

Kitagata

Makuwa

16 Settlement, rice paddy NA Cy: FB 1 Apr 2021; FB 2 Apr 2022; FB 28 Mar 2023

NA Cy: FB 1 Apr 2021; FB 28 Mar 2023

Csp: FB 28 Mar 2023

Mieji 10 Settlement, rice paddy NA Cy: FB 4 Apr 2020; FB 1 Apr 2021; FB 2 Apr 2022; FB 28 Mar, 31 Mar

2023; green leaves 8 Apr 2023

NA Cy: FB 1 Apr 2021; FB 2 Apr 2022

Jyukujyo 8 Settlement, rice paddy NA Cy: FB 28 Mar 2023; green leaves 8 Apr 2023

NA Cy: FB 7 Apr 2004; FB 6 Apr 2010; FB 2 Apr 2022; FB 28 Mar 2023;

green leaves 8 Apr 2023

Yokaya 8 Settlement, rice paddy NA Cy: FB 9 Apr 2022; FB 28 Mar, 31 Mar 2023; green leaves 8 Apr 2023

NA Cy: FB 1 Apr 2021; FB 2 Apr 2022; FB 31 Mar 2023

Higashi Ogaki 9 Settlement, rice paddy NA Cy: 70% flowering 6 Apr 2012; FB 12 Apr 2014; FB 11 Apr 2015; FB 4

Apr 2020; FB 1 Apr 2021; FB 2 Apr, 9 Apr 2022; FB 28 Mar, 31 Mar, 1

Apr 2023; scattering–green leaves 8 Apr 2023

NA Cy: FB 4 Apr 2020; FB 2 Apr 2022; FB 28 Mar, 31 Mar 2023; green

leaves 8 Apr 2023

Ogaki 7 Commercial area, settlement NA NA

FB, full-bloom; Cy, Cerasus×yedoensis; Cj, Cerasus jamasakura; Csp, Cerasus sp.

Elevation data from the digital map distributed by the Geospatial Information Authority of Japan (https://maps.gsi.go.jp/). NA, not available.

and “ ” (“Tarumi railway and cherry”) on

YouTube (https://www.youtube.com/) from 14 June to 1

November 2023. On Flickr, we detected 81 photographs related to

cherry flowering by 14 posters from 2010, 2011, and 2016–2021

in the list of “Everyone’s photos” (Supplementary Table 1). We

acquired the date and location (i.e., “geotag”) of photographs from

the Exif data. When we could not obtain the geotag, we identified

the location from structures such as stations and bridges in the

photographs. On YouTube, we detected 598 videos on 10 October

2023, in addition to the seven videos previously detected in June.

To retrieve relevant videos, we omitted videos unrelated to cherry

flowering or with no date taken information by referring to the title

of the video, the attached text comments, and the video content,

and ultimately were able to retrieve 91 videos. We also omitted

videos with only date posted. With the above-mentioned seven

videos, we watched 98 videos by 56 posters from 1992, 2004–2006,

and 2010–2023 in total (Supplementary Table 2). We detected the

phenology by watching videos at up to 2.0× speed. We divided

the cherry trees into “C. ×yedoensis,” “Cerasus jamasakura,”

and “Cerasus sp.” (unidentified species). We divided flowering

stages into “before flowering,” “flowering” (<20% flowering),

“20%−30% flowering,” “50% flowering” (30%−60% flowering),

“70% flowering” (60%−80% flowering), “full bloom” (80%−100%

flowering), “scattering” (scattered blooms remaining amongst

green leaves), and “green leaves.” We identified the location by

referring to structures and announcements recorded in the videos.

In both photographs and videos, we divided the locations into

“around stations” (within about 100m) and “between stations.”

Under the Japanese copyright act, we delimited the images to those

authorized for big data analysis and AI algorithms (i.e., use without

human intervention; https://www.japaneselawtranslation.go.jp/

ja/laws/view/4207; in particular, article 30–4). For this reason, we

manually detected cherry flowering phenology from photographs

and videos by visual inspection to account for uncertainty caused

by individual differences, image quality, and angle of view.

To compare cherry flowering phenology detected from

images along the railway with that observed on site, we

used the Neodani Usuzumi-zakura records (https://www.city.

motosu.lg.jp/category/2-18-2-0-0-0-0-0-0-0.html). We compared

the probability distributions between the dates of full bloom

detected from Flickr and YouTube and those recorded by applying

Bayes’s theorem, using a beta distribution with Bayesian updating

(Fujita, 2015), where the prior distribution is:

B(α,β) (1)

with a mean of α
α+β

, mode of α−1
(α−1)+(β−1) , and variance of

αβ

(α+β)2 (α+β+1)
; the observation (likelihood that full bloom dates

detected from images [n] coincided with those in Usuzumi-zakura

[r]) is:

nCr p
r

(

1− p
)n−r

(2)

where p is probability; and the posterior distribution is:

B(α + r, β + n − r) (3)
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with a mean of α+r
α+β+n , mode of α+r−1

(α+r−1)+(β+n−r−1) , and variance

of (α+r)(β+n−r)

(α+β+n)2 (α+β+1+n )
.

To evaluate the temporal change of the posterior distribution

with Bayesian updating of the beta distribution (Equations 1–

3), we calculated the mean, mode, and variance of the posterior

distribution for every year updated, which account for the scatter

and shape of the probability distribution (Fujita, 2015).

3 Results

Cherry flowering phenology detected from Flickr is shown

in Table 1. On the plain (Ogaki–Oribe stations), cherry flowering

phenology was not detected. In contrast, in the river valley (Oribe–

Tarumi stations), full bloom of C. ×yedoensis was detected. In

particular, at Kochibora (11 photographs) and Tanigumiguchi

stations (42), several photographs were taken in multiple years.

Among them, 16 photographs included the full geotag, two could

not be dated, and one could not be located. Full bloom of C.

jamasakura was detected in three photographs.

Cherry flowering phenology detected from YouTube is shown

also in Table 1. At most “around stations” and “between stations”

on the plains, full bloom of C. ×yedoensis was detected from 1992

to 2023. At some points, records of different dates were detected in

the same year. In the river valley, full bloom dates of C. jamasakura

were detected in many “between stations.” Flowering phenology

other than full bloom was rarely detected.

Dates of full bloom in C. ×yedoensis and C. jamasakura

detected from Flickr and YouTube and of Neodani Usuzumi-

zakura are shown in Figure 2. In some years (e.g., 2010, 2021,

and 2022), dates detected from Flickr and YouTube were several

days earlier than those of Neodani Usuzumi-zakura. However,

many dates in other years lay within the full bloom period of

Neodani Usuzumi-zakura.

As for thematching probability distribution between full bloom

dates in C.×yedoensis and C. jamasakura detected from Flickr and

YouTube and those of Neodani Usuzumi-zakura, temporal change

of mean, mode, and variance of posterior distribution with Baysian

updating of the beta distribution is shown in Figure 3. In 2023 (date

of last Bayesian update), the beta distribution was B(286, 117), and

the posterior distribution had a mean of 0.71, a mode of 0.71, and

variance of 0.0005. This indicates that the probability of full bloom

of Neodani Usuzumi-zakura was averagely 71% when full bloom in

C. ×yedoensis and C. jamasakura was seen in the catchment along

the Tarumi railway.

4 Discussion

We detected full bloom of C. ×yedoensis around stations

on Flickr, and that of C. ×yedoensis and C. jamasakura around

and between stations, in the surrounding mountains, and along

roadsides, on YouTube (Table 1). Photographs on Flickr were

taken in and around stations, while videos on YouTube were

taken both in and around stations and from the front of moving

trains, which affords views of the landscape both close and distant.

Many YouTube videos did not include date taken information

(Supplementary Table 2). We might be able to further increase

the number of data points if we ask videographers for the

filming dates. In addition, despite user bias due to factors such as

generation, gender, and country, photographs and videos on other

social media such as X, Facebook (https://www.facebook.com/),

Instagram (https://www.instagram.com/), and TikTok (https://

www.tiktok.com/) might be useful.

YouTube—especially videos taken from the front of moving

trains—has an advantage that we can detect cherry flowering

phenology at multiple points and in multiple years at locations

away from favored viewing spots. However, the videos require

labor-intensive viewing to identify locations, because they do not

include the geotag. In addition, low picture quality of videos caused

by lightning conditions, slow internet speed for live streaming,

and camera shake obstructed the visual inspection of videos.

As mentioned above, the limitation and bias of our method

could be summarized in Table 2. In contrast, photographs on

Flickr often include the full geotag in the Exif data. Funada

and Tsutsumida (2022a,b) and Tsutsumida and Funada (2023)

detected full bloom of cherry by applying a machine learning

algorithm to geotagged photographs on Mapillary, a crowd-

sourcing mapping project (https://www.mapillary.com/) and their

own geotagged photographs, and then mapped the geographical

distribution of full bloom dates in Aizuwakamatsu and Saitama,

Japan. Thismethod suggests that wemight facilitate the detection of

cherry flowering phenology by integrating the visual inspection of

photographs without the full geotag and machine learning applied

to geotagged photographs. To work within the limitations imposed

by Japanese copyright law, we are first required to base machine

learning algorithms on data published under a CC-BY License (i.e.,

approved for analysis) and on our own photographs and videos,

and then apply the algorithms to photographs on Flickr and videos

on YouTube.

On both Flickr and YouTube, in popular viewing spots such as

Kochibora and Tanigumiguchi stations, where many C.×yedoensis

trees grow, we could detect the flowering phenology on several

dates within a year (Table 1). This fact suggests that we can estimate

the full bloom period even if we cannot exactly identify the first

full bloom (FFB) date. Although C. ×yedoensis is a clonal species,

Shin et al. (2022a) found a difference of 2–6 days in the FFL and

FFB dates among individual blossoms. To examine the year-to-

year variability of cherry flowering at the catchment scale and for

assessing cultural ecosystem services, the full bloom date is more

suitable than the FFL date, which accounts for <1% of full bloom

(Katsuki, 2015) and is strongly affected by the difference among

individual cherry trees. It is likely that there were few photographs

and videos before the FFL and FFB dates and after the last full

bloom date because the photographers are interested only in trees

in full bloom. Many photographers may visit these viewing spots

only after they confirm the dates of full bloom.

Differences between monthly average temperatures in March,

which significantly affect the flowering process (Nagai et al., 2019,

2020b), between the Ogaki weather station, about 2.2 km south of

Ogaki Station (35◦20
′

52.1
′′

N, 136◦37
′

13.9
′′

E; 6m a.s.l.), and the

Tarumi weather station were 2.3◦C in daily maximum, 3.1◦C in

daily mean, and 3.3◦C in daily minimum (during 1992, 2004–

2006, and 2011–2023; 2010 was excluded because of missing data;

https://www.data.jma.go.jp/obd/stats/etrn/). These differences are

larger than the climatological difference between Ogaki and Tarumi
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FIGURE 2

Relationship between full bloom period of Neodani Usuzumi-zakura and dates of full bloom in Cerasus ×yedoensis and Cerasus jamasakura

detected from Flickr and YouTube along the Tarumi railway.

FIGURE 3

Matching probability distribution between full bloom dates detected from Flickr and YouTube and those of Neodani Usuzumi-zakura. (A) Temporal

change of mean, mode, and variance of posterior distribution with Bayesian updating of the beta distribution. (B) The last updated beta distribution in

2023: B(286, 117).

stations, of about 1◦C, as estimated from the rate of lapse of air

temperature (0.65◦C per 100m) and the difference in elevation

between the stations (159m). This difference indicates that the two

weather stations are strongly affected bymicroclimate. On the other

hand, they are close to the climatological differences between the

Tokyo weather station (35◦41
′

22.1
′′

N 139◦41
′

30.1
′′

E; 35m a.s.l.)

and the Utsunomiya weather station (36◦33
′

18.4
′′

N 139◦52
′

57.5
′′

E;

114m a.s.l.), about 100 km north of Tokyo in March, of 0.8◦C

in daily maximum, 2.0◦C in daily mean, and 2.9◦C in daily

minimum (1991–2020). The difference in the average FFB date

of C. ×yedoensis between Tokyo (31 March) and Utsunomiya (6

April) was 6 days (1991–2020; https://www.data.jma.go.jp/sakura/

data/sakura_mankai.html). These facts suggest a difference of about

6 days in full bloom dates in C. ×yedoensis and C. jamasakura

between Ogaki and Tarumi stations. However, despite no or few

retrieved records before 2009, full bloom dates of both species
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TABLE 2 Limitation and bias of the visual inspection of photographs on

Flickr and videos on YouTube.

Flickr YouTube

Availability of date taken High Middle

Availability of location Limited points Entire area along the railway

Picture quality High Middle–low

Camera shake Less Frequent

Detection effort Little effort Labor-intensive and

time-consuming

between those stations tended to correspond with those in Neodani

Usuzumi-zakura (Figures 2, 3). The full bloom period of each

individual blossom (a few days to a week) is similar to the difference

of FFB date among individual blossoms (2–6 days; Shin et al.,

2022a) and the difference in full bloom dates along the elevational

gradient (∼6 days). For this reason, the full bloom period of

individual cherry blossoms detected from Flickr and YouTube

overlapped. On the other hand, C. itosakura flowered a few days

earlier than C. ×yedoensis and C. jamasakura (Ishii, 1990; Katsuki

et al., 2011). The full bloom period of Neodani Usuzumi-zakura

lasted 2–8 days (Figure 2). Thus, we consider that the full bloom

dates in C. ×yedoensis and C. jamasakura between Ogaki and

Tarumi stations overlapped with that of Neodani Usuzumi-zakura.

These results suggest that we can estimate the year-to-

year variability of full bloom dates along the Tarumi railway

before the advent of Flickr and YouTube from the records

of the flowering phenology of Neodani Usuzumi-zakura. For

instance, Neodani Usuzumi-zakura was in full bloom from 8

to 12 April 1997, from 1 to 7 April 1998, and from 6 to 11

April 2004 (https://www.city.motosu.lg.jp/category/2-18-2-0-0-0-

0-0-0-0.html; Figure 2). According to photo books of the Tarumi

railway (Adachi, 2004), C. ×yedoensis was in full bloom on

6 April 1997 (between Yokoya and Jyukujyo stations; between

Kochibora and Tanigumiguchi stations; at Tanigumiguchi Station),

12 April 1997 (betweenOribe and Kochibora stations), 4 April 1998

(between Yokoya and Jyukujyo stations), 1 April 2004 (between

Yokoya and Jyukujyo stations), 5 April 2004 (at Tanigumiguchi

Station), 8 April 2004 (at Tanigumiguchi Station), and 10April 2004

(at Tarumi Station). On these dates, we found good correspondence

between full bloom dates along the Tarumi railway and in Neodani

Usuzumi-zakura. However, in some years, the full bloom dates

detected from photographs on Flickr and videos on YouTube

were several days earlier than those of Neodani Usuzumi-zakura

(Figure 2). These dates tended to be recorded around Hinata and

Ogaki stations (roughly speaking, in downstream and suburban

areas; Supplementary Tables 1, 2). We need to focus more on

microclimate and deepen our understanding of the relationship

between cherry flowering phenology and the temperature at the

catchment scale.

5 Conclusion

We could detect full bloom of C.×yedoensis and C. jamasakura

at multiple points in multiple years along the Tarumi railway

from photographs on Flickr and videos on YouTube. These dates

corresponded well with the full bloom period of the nearby

Neodani Usuzumi-zakura, for which detailed records are held.

Although we could not always identify the date and location in

the photos and videos, nevertheless we found data in enough

photographs and videos to allow us to evaluate the year-to-year

variability of full bloom at cherry blossom viewing spots around

some of the train stations. YouTube videos additionally allowed us

to detect full bloom in the distant landscape along the railway. By

applying our method to other railways and plant species, we expect

to collect multi-year records of flowering phenology at multiple

points that cannot be collected on site.
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SUPPLEMENTARY TABLE 1

List of used photographs on Flickr related to cherry flowering. Cy: C.

×yedoensis; Cj: C. jamasakura; Csp: Cerasus sp.

SUPPLEMENTARY TABLE 2

List of watched videos on YouTube related to cherry flowering with date

information. Cy: C. ×yedoensis; Cj: C. jamasakura; Csp: Cerasus sp.
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