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Introduction-Background
Flowering seasons of ornamental plants have important
aesthetic and economic benefits for many regions.
e.g. Cherry flowering is a huge attraction in Japan, China and North America
 In Japan, when cherry flowering coincides with public holidays, it attracts an
additional 1.4 million tourists to Hirosaki
 In China, more than 600 thousands people per day visit Yuyuantan Park (in
Beijing) when cherry blossom
 In USA, an estimated 0.7 million visitors visit Washington D.C. for the cherry
blossom festival

 The timing of flowering phenology is of great importance to the success of these
cultural events and local economies.

Introduction-Background
Under the background of climate warming, both the first
flowering date and flowering duration of ornamental plants had
changed over the past several decades.
Tokyo, Japan: the peak flowering date of the cherry
trees occurred 5.5 d earlier over 1981-2005, and the
first flowering date occurred 7.9 d earlier

Changes in peak flowering dates for some
common cherry species and changes in
mean February–March temperatures from
1981 to 2005 (Miller-Rushing et al., 2007)

Guernsey, UK: significantly earlier flowering over time,
(average 5.2 days decade-1 ) since 1985 to 2011.
Meanwhile, a shortening of flowering duration by an
average of 10 days decade-1 was observed

Time series of the average
FFD (a) and FD (b) of 232
species on the island of
Guernsey, UK
(Bock et al., 2014)

Introduction-Research question
Since flowering time has shifted evidently, an interesting
question is how about human’s responses when they
prepared for a spring flower tour?
Two choices:
 Selecting the timing of spring flower tour based on their
experience? (travel at a relatively fixed timing)
 Adjusting the timing of spring flower tour in terms of climate
conditions and flowering dates?
The answer to this question could reveal whether the public
had perceived climate change and began to adapt to its
impacts on spring flower time.

Materials and methods: Study site
Study area: Beijing
The capital of China has a
lot of professionally tended
parks where tourists can
see many kinds of flowering
trees in spring
Five famous spots are

selected to investigate:

 Yuyuantan Park
 Jingshan Park
 Yuan Dynasty City Wall
Relics Park
 the Summer Palace
 Beijing Botanical
Garden
Satellite images of Beijing and five scenic spots investigated

Materials and methods: Spots
Spots

location

Area

Yuyuantan
Park

39°54’53’’N,
116°18’53’’E

136ha

Jingshan Park

39°55’27’’N,
116°23’25’’E

23ha

Yuan Dynasty
City Wall
Relics Park

39°58’26’’N,
116°22’37’’E

126ha

The Summer
Palace

39°58’48’’N,
116°16’03’’E

290ha

Beijing
Botanical
Garden

39°59’33’’N,
116°12’19’’E

400ha

Characteristics
It has China‘s largest cherry garden with
over 2,000 cherry trees growing there. The
Cherry (Cerasus spp.) blossom festival is
hold there every year since 1989
Peonies have been displayed there since the
Yuan Dynasty (1271–1368). The park has
displayed peonies (Paeonia suffruticosa) of
more than 100 varieties.
It has the largest number of Chinese
flowering crab apple trees
(Malus micromalus) in Beijing. The park
holds a festival for enjoying flower of them.
As a royal garden in Qing Dynasty
(1616-1921), many ornamental plants were
grown there. The most famous is Magnolias
(Magnolia denudata).
More than 3000 plants species are grown
there. The most famous ones include peach
(Amygdalus davidiana), Chinese plum
(Armeniaca mume), and peony.

Two types:
Spots with
particular
ornamental
plants

Spots with
multiple
ornamental
plants

Yuyuantan Park
Spots
Yuyuantan Park

location
39°54’53’’N,
116°18’53’’E

Area

Characteristics

136ha

It has China‘s largest cherry garden with over 2,000
cherry trees growing there. The Cherry (Cerasus
spp.) blossom festival is hold there every year since
1989

The scenery of Yuyuantan Park when cherry blossom

Jingshan Park
Spots

location

39°55’27’’N,
Jingshan Park
116°23’25’’E

Area
23ha

Characteristics
Peonies have been displayed there since the Yuan Dynasty
(1271–1368). The park has displayed peonies (Paeonia
suffruticosa) of more than 100 varieties.

People was admiring various kinds of peonies in Jingshan park.

Yuan Dynasty City Wall Relics Park
Spots

location

City Wall Relics
Park

39°58’26’’N,
116°22’37’’E

Area
126ha

Characteristics
It has the largest number of Chinese flowering crab
apple trees (Malus micromalus) in Beijing. The park
holds a festival for enjoying flower of them.

The scenery of City Wall Relics Park when crab apple blossom

The Summer Palace
Spots

location

The Summer
Palace

39°58’48’’N,
116°16’03’’E

Area
290ha

Characteristics
As a royal garden in Qing Dynasty (1616-1921), many
ornamental plants were grown there. The most
famous is Magnolias (Magnolia denudata).

There are a beautiful sight at the Summer Palace during spring. Tourists were enjoying the
flower of Magnolias.

Beijing Botanical Garden
Spots
Beijing Botanical
Garden

location
39°59’33’’N,
116°12’19’’E

Area

Characteristics

More than 3000 plant species are grown there. The most
400ha famous ones include peach (Amygdalus davidiana),
Chinese plum (Armeniaca mume), and peony.

People were taking photos in Beijing Botanical Garden when Chinese plum
(Amygdalus triloba) and tulip (Tulipa gesneriana) blossom

Materials and methods: Spots
Spots

Main plants

Yuyuantan Park

Cherries (Cerasus spp.)

Jingshan Park

Peonies (Paeonia suffruticosa)

Spots with particular
ornamental plants

City Wall Relics Park Crab apple trees (Malus micromalus)

The Summer Palace More than 100 plant species

Beijing Botanical
Garden

Spots with multiple
ornamental plants

More than 100 plants species

Materials and methods: Phenological data
 Phenophases of 49 ornamental or
garden plants observed at the
Summer Palace from 1963-2014.
 Three phenophases
 First flowering date(FFD): at least
one fresh flower opening at any
cluster for the whole plant.

 End of flowering date(EFD):
majority of petals have fallen.
 Flowering duration: EFD-FFD

 Number of records varied among
years due to some missing
observations

The number of flowering records
per year in Beijing

Materials and methods: Climate background







Temperate monsoon climate:
Mean annual temperature: 12.9 ℃;
precipitation: 532 mm (1981-2010)
The coldest month was January,
while the warmest month was July
All months experienced significant
warming from 1963 to 2014
[0.23 – 0.75 ℃ per decade]
In winter and spring, the degree of
warming was stronger than
summer and autumn.

Monthly mean temperature and trends
of temperature from 1963 to 2014.
Monthly temperature is calculated as
the mean of 1981-2000. The years with
no phenological are removed when
calculating the temperature trends

Materials and methods: Number of tourists
 Some spots we investigated are open to the public or children and
senior citizens for free, thus it is difficult to quantify the number of tourists.
 Try to extract data from social media (Sina Weibo)

 Sina Weibo (http://weibo.com/ ): an online social networking service that
enables users to send and read short messages. It is one of the most
popular microblog websites in China, in use by well over 30% of internet
users, with a market penetration similar to the United States' Twitter
 On Sina Weibo website, we used the name of five spots as keywords to
retrieval the messages related to spring tour

Materials and methods: Number of tourists
 The number of messages per 10-day period from February to June

were counted for each spot during 2010-2014. These values can
represent relative number of tourists along the time
 The message was included into the count only if it clearly indicated
that the author had been to the spot at a fixed date
 In the following conditions, the message will be excluded:
 Just to introduce the spot
 The authors said that they wanted to go to the spot rather than had
been to there

 Other irrelevant contents (e.g. a movie also named the Summer
Palace)

This message posted on March 31, 2014
said:
Today, there are lots of people in
Yuyuantan Park, but I felt physically
uncomfortable. So I returned to the school
after taking several photos…
Included√

Another message said:
Today, I get ready to the Yuyuantan Park
with my parents and children to see the
cherry blossom. But I found that the
atmosphere is polluted by haze. So I chose
to stay at home
Excluded×

Materials and methods: Number of tourists
 Totally, more than 38 thousands messages are extracted from Sina Weibo.
 The number of messages increased quickly from 2010 to 2013 due to the progress of
communication industry, but it decreased by ~30% in 2014. This is because Sina
Weibo is under pressure from other providers of online social networking service.

Total number of messages posted on Sina Weibo for each spots from 2010 to 2014
The
Beijing
Yuyuantan
Jingshan City Wall
Summer
Botanical sum
Park
Park
Relics Park
Palace
Garden
2010
146
117
48*
541
146 1241
2011
558
742
306
2782
558 5163
2012
1467
2042
455
3776
1467 10517
2013
2006
2099
502
4946
2006 13028
2014
1038
1002
255
4139
1038 8774
Sum
5215
6002
1566
16184
5215 38723
* The sample size is too small, not include in the following analysis.

Materials and methods: Analyses
 Spots with particular ornamental plants

 Compare the flowering duration
of corresponding species with
period with most tourists
 Spots with multiple ornamental plants

 Compare the best duration for spring
flower tour to the period with most
tourists
How to define the ‘best duration’:
 Count the number of species in flower day
by day for each year based on observation
data of 49 species, then smooth the curve
using 10-day moving average
 Normalize the curve: (x-min)/(max-min)
 Width at midpoint of normalized curve
was defined as the best duration for
The method to define the best duration
spring flower tour
for spring flower tour

Results-Long term change in flowering phenology
• Flowering time (FFD and EFD) of three
ornamental plants significantly advanced
during the past 50 years; FD show no
obvious change except cherry
• The start and end date of best duration
for spring flower tour also advanced.

Cherry
Peony
Crap
apple
Best
Duration

FFD

EFD

Duration

4-15

4-27

12 days

-2.60**

-3.64**

-0.97**

4-22

5-7

16 days

-1.84**

-1.51*-

0.41

4-14

4-26

12 days

-1.62**

-1.73**

-0.12

Start date

End date

4-2

5-5

34 days

-1.22
-1.73**
-0.50
1st row: mean; 2nd row: trends (days/decade)

Change in flowering phenology of
cherry, peony of crap tree and best
duration for spring flower tour

Results-Climate impacts
• The flowering time of three ornamental
plants
correlated
negatively
and
significantly with preseason temperature
(P<0.01).
• The start date and end date of best duration
for spring flower tour are also significantly
correlated with March and March-April
temperature, respectively
• Temperature is the main driving factor of
flowering phenophase
FFD

EFD

Cherry

-0.77**

-0.67**

Peony

-0.91**

-0.67**

Crap apple

-0.90**

-0.82**

Start date

End date

Best Duration
-0.73**
-0.84**
Correlation between flowering phenogy and
temperature; ** P<0.01

Relationship between flowering
phenology of peony and temperature

Relationship between best duration
for spring tour and temperature

Results-Yuyuantan Park
• The number of tourists showed a peak value
during spring, varying from late March to
Middle April. Travelling periods (normalized
number>0.5) lasted about one month, longer
than flowering duration of the cherry species
(Cerasus yedoensis), because other earlyblossom varieties of cherry are planted there.
• The periods with most tourists generally
coincide with the interannual changes in
flowering duration of cherry, especially in two
early-blooming year (2011, 2014).
Blue bars: the
periods with most
tourists among all
the consecutive
30-day period.
Lines: FFD and EFD

Relationship between flowering period of Cerasus
yedoensis and period with most tourists

Normalized number of tourists per 10day at Yuyuantan Park from 2010-2014

Results-Jingshan Park
• Peak time of tourists varied from late April
to Middle May, which is later than the
Yuyuantan Park, because peony flowers
later than cherry. Travelling periods lasted
about 20 days.
• The period with most tourists and flowering
duration of peony tracks with each other
very well. Earlier (later) flowering of peony
lead to earlier (later) visiting time

Relationship between
flowering period of
Paeonia suffruticosa and period with most tourists

Normalized number of tourists per 10day at Jingshan Park from 2010-2014

Results-City Wall Relics Park
• Since the flowering duration of crab apple is
about 12 days, the peak time of tourists is
concentrated to a 10-day period, varying from
late March to late April among different years
• Periods with most tourists at the City Wall
Relics Park is almost perfectly consistent with
the flowering duration of crab apple. The
maximum difference between a warm (2014)
and cold spring (2013) can reach one month.

Relationship between flowering period of Malus
micromalus and period with most tourists

Normalized number of tourists per 10day at City Wall Relics Park from 2010-

Results-The Summer Palace
• As a spot with multiple ornamental plants,
the seasonal variation of the number of
tourists is smaller than parks with particular
plants. The peak travelling period lasted
about one month.
• On the interannual scale, the period with
most tourists is almost stable; did not
changed with flowering phenology except in
a extreme warm year (2014).

Relationship between best duration for spring flower
tour and period with most tourists

Normalized number of tourists per 10day at the Summer Palace from 2010-

Results-Beijing Botanical Garden
• The period with most tourists was
commonly in April. This period to a large
degree overlaps with the best duration for
spring flower tour
• The period with most tourists is stable from
2011-2014, but it was later in an extreme
cold spring (2010)

Relationship between best duration for spring flower
tour and period with most tourists

Normalized tourist number per 10-day at
Beijing Botanical Garden from 2010-2014

Conclusions
 FFD and EFD of ornamental plants in Beijing advanced significantly over
the recent five decades. Such significant earlier trends could be found in
both the time series of a single species and a synthetical flowering index
(best duration for spring flower tour). The change of flowering duration is
not obvious and the direction of change varied among species
 These changes be attributed to the climate warming
 For spots with particular ornamental plants, the tourists have began to
adapt to climate change impacts on spring flower time. They will adjust
their travelling periods in accordance with phenological change
 For spots with multiple ornamental plants, the tourists select the timing of
spring outing according to their experience rather than phenological
change, because they usually do not have a fixed objective and could
easily find some flowering plants to view. However, in a extreme cold or
warm spring, their travelling timing may also follow climate change

Discussion
• Social media has great potential for phenological and tourism studies
 The number of messages related to a specific spot can reflect the
public attention on this spot and the number of tourists. Based on the
data from Chinese twitter, we demonstrated that the tourist’ response to
phenological change is obvious, especially for the spots with particular
ornamental plants. Thus, the tourism administrators should choose
proper time to hold the blossom festival so as to obtain greater benefits
 Social media is also a source of phenological data. The phenologyrelated messages posted on social media contain the information of
observation date, places and context that observations were made in.
Although these observation are made by ordinary people or amateur
naturalists, the picture contained in the message can help experts to
define the specific phenophase and assess the reliability of the
observation.
 In future, if we could extract massive data from social media,
phenological studies will benefit from the data.

Thank you!

