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Abstract: We investigated whether a cold front passed on the day when the most cedar
pollen was dispersed in each year. When we looked at the 10-year period from 2015 to 2024,
and found seven cases in which a cold front passed through the pollen survey area in the
Tohoku region. In these cases, extremely large amounts of pollen were dispersed in the
hours before and after the front passed. What they had in common was that the amount
of pollen dispersion increased significantly at the time the front passed and before and
after it. There were 3 cases when a large amount of Japanese cedar pollen was dispersed,
even though a cold front did not pass through our Tohoku region. In these cases, large
amounts of pollen were dispersed during the time when the warm front was located
several hundred to one thousand kilometers south from Tohoku region. The large amount
of dispersion continued as long as the fronts moved northward and got closer by several
hundred kilometers to the Tohoku region, and the pollen dispersion decreased by the time
the front reached the Tohoku region.

Keywords: airborne pollen; cold front; C. japonica pollen; front; Japanese cedar pollen;
warm front

1. Introduction
Japanese cedar (Cryptomeria japonica D. Don) (hereafter abbreviated as cedar) is an

endemic species that grows only in Japan. About 40% of the forest area is artificial forest,
and about half of that is planted with cedars. They are widely planted in Honshu (the main
island of Japan). In Hokkaido, they are distributed in the southern tip, and in Okinawa,
in the northern part of the main island. Japanese cypresses (Chamaecyparis obtuse) are also
planted in large numbers, although there are not very many in the Tohoku region (the area
of the dashed line in Figure 1). In the northern part of the Tohoku region, Aomori Prefecture,
many Hiba (Thujopsis delabrata var. hondae) are planted (they flower later than cedars). In
the southern half of the Japanese archipelago (parts of (3), (5), (6), and (7) in Figure 1), more
Japanese cypresses are planted than cedars [1]. Cedar trees flower at different altitudes.
Our past surveys have shown that flowers bloom at altitudes about 100 m higher with a one
week delay [2]. It is also known that in years with warm winters, pollen dispersion begins
earlier, while in years with severe winters, this occurs later [2]. This makes it possible to
know when Japanese cedar pollen (hereafter abbreviated as cedar pollen) starts to disperse
and when it disperses the most.
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Figure 1. The location on the map of Japan of the Tohoku region. The area surrounded by a dashed
square was the subject of the survey. The locations of each region listed in the results are as follows:
(1): Tohoku region; (2): Kanto region; (3): Chubu region; (4): Hokuriku region; (5): Kansai region;
(6): Shikoku region; (7): Chugoku region; (8): Kyushu region.

Sahashi [3,4] reports the start of cedar pollen dispersion across Japan annually in the
Japanese Journal of Palynology. He has summarized the time when cedar pollen dispersion
begins nationwide as the cedar pollen front. According to the report, in the Kyushu,
Chugoku, and Shikoku regions ((6) to (8) in Figure 1), the season begins from late January
to early February, while in the Kanto and Kansai regions ((2) and (5) in Figure 1) it is in
mid-February, and in the Hokuriku and Tohoku regions ((1) and (4) in Figure 1) it is from
late February to early March.

Durham samplers have been widely used nationwide to measure such cedar pollen.
Some patients experience pollinosis symptoms 2 to 3 weeks before cedar pollen is de-
tected by the Durham samplers [5]. In the past, we have used Burkard samplers and
Rotorod samplers in combination. In the 2000s, real-time pollen monitors begun to be
used to provide information. In our Tohoku region, real-time information provision be-
gan in 2008. There are several types of monitors [6], among which the KH-3000 monitor
(Yokosuka City, Japan 238-0013) and Pollen Robo (Chiba City, Japan 261-0023) have been
widely used. The KH-3000 monitor, which was first developed, was previously used to pro-
vide information nationwide, although recently the Pollen Robo has been used to provide
information nationwide. These real-time cedar pollen monitors are not devices that identify
pollen morphologically and provide pollen counts. They utilize laser light-scattering to
count airborne pollen concentrations [7–12]. This is achieved by determining the size of
airborne particles from the intensity of scattering properties of the reflected light, then
counting the pollen-sized grains. In Japan, such real-time cedar pollen monitors were
developed because of the following factors: (1) The pollen in the air during the cedar
pollen season in Japan is almost exclusively cedar pollen. (2) Cedar pollen is dispersed in
quantities incomparable to other pollen species.

In our data, the KH-3000 monitor showed some values (<10 grains/m3) even during
periods when pollen was not observed [13]. Occasionally, abnormal peaks that were not
pollen were observed (Supplementary Figure S1). Abnormal values were also observed
during yellow sand and snowfall periods. The Pollen Robo evolves every year, and in 2025
it became the eighth-generation monitor. In 2025, the peak of cedar pollen dispersion
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coincided with the arrival of yellow sand, although the new Pollen Robo did not count the
yellow sand. It also does not seem to count ice nuclei seen during snowfall. It has built-in
communication equipment and can be observed anywhere in Japan, as long as there is a
power source. The difference between the two is that the KH-3000 monitor sucks in air
samples from above, while the Pollen Robo sucks them in from below. In light of these
circumstances, we thought it would be fine to target the day with the most dispersion in
each year (the day of highest dispersion).

Here, we questioned which weather conditions result in the highest amounts of
cedar pollen dispersion per hour in a day. Cedar pollen is dispersed in especially large
amounts on warm, high-temperature days. However, the authors of the present study have
experienced the release of large amounts of cedar pollen just before temperatures dropped
and rain began to fall after a series of warm, sunny days because cold fronts pass through
when temperatures drop and rain begins to fall after a period of sunny days; therefore,
we focused on fronts and pollen release. A cold front had passed through on the day of
maximum dispersion in our previous survey [14]. Currently, we think that the reason for
the high amount on this day was that the pollen was concentrated by the front. This can be
inferred from the fact that a front associated with a low-pressure system is concentrated
as it passes through mountain ranges [15]. Normally, cedar pollen arrives at the sampling
point from a limited area, although when there is a cold front, the pollen generated in an
area covered by warm air is pushed by the strong cold air and concentrated. The pollen is
collected from a wider area than usual and from faraway places where it normally does
not arrive, so it is thought that the concentration increases. Therefore, we decided to first
check whether a front was passing on the day of the highest count of pollen in each year.
If this idea is correct, there should be more pollen in the area where the front is and the
surrounding areas, so we investigated the relationship between the places where the front
passed and the amounts of cedar pollen. In the present study, we investigated whether this
phenomenon was evident in other years by studying cedar pollen release seasons over the
ten-year period from 2015 to 2024.

2. Materials and Methods
Hourly data for the time of the peak pollen season at each year from 2015 to 2021

were collected from the Internet websites for the KH-3000 monitor (the Ministry of the
Environment website “Hanako-san”, Past Data List (2003 Kanto region only to 2021)
https://www.env.go.jp/page_00209.html accessed on 31 May 2025; we can view past data
from 2003 to 2021) and for the years from 2022 to 2024 for Pollen Robo, from the website of
Weathernews Nationwide pollen observation data (only available during pollen season)
(https://weathernews.jp/pollen/obs.html accessed on 31 May 2025).

KH-3000 monitors have been installed nationwide by the Ministry of the Environment,
with two monitors being installed in each prefecture—one for urban areas and the other
for rural areas. We have been purchasing these real-time monitors for research purposes
since the 1990s, and they are installed at three locations in Yamagata Prefecture. However,
the nationwide service providing information from the monitors was suspended after the
2021 season. In this study, therefore, data from Pollen Robo devices were used for the
years after this. One thousand Pollen Robos are installed throughout Japan every spring,
providing real-time data for people who install the monitors. As large amounts of data are
made public, individuals can find out the dispersal information in their local area in real
time 15 min later (i.e., the value from 9:00 to 10:00 will be available at 10:15).

The hourly measurement values of each point in the Tohoku region, which are neces-
sary for data analyses, were taken from the values published on the website. The number of
cedar pollen grains at each location is shown in pie chart form as a logarithmic value based
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on the Weber–Fechner law. The data for the wind direction, wind speed, and temperature
were published on the website of the Japan Meteorological Agency (The past weather
data search screen is displayed here https://www.data.jma.go.jp/stats/etrn/index.php)
accessed on 31 May 2025. We obtained the location coordinates of each measurement point
in the Tohoku region, which made it possible to display the cedar pollen measurement
values, wind direction, and wind speed values on a map. We used Python 3.8 to display on
a map the amount of cedar pollen in the air, along with data for the wind direction and
wind speed. We used Adobe Photoshop to paste the weather chart, based on the chart
published by the Japan Weather Association (Current weather chart provided by the Japan
Weather Association (Japanese) https://tenki.jp/guide/chart accessed on 31 May 2025
View past weather charts and calendars going back to 2015). The distribution map of
cedar forests in the southern Tohoku region (dotted area in Figure 1) shown in Figure 2
was created using TM images from the Landsat satellite [16]. To create this distribution
map, we first walked around the cedar forests that we would use as training areas, and
then used the areas to extract satellite data. Thirty years have passed since the image was
created, although deforestation has not progressed in Japan, especially in our region. One
reason for this is that cedars are not consumed as lumber due to competition from imported
timber. The second reason is that even if trees are cut down, they are replanted in the same
place to prevent an increase in carbon dioxide caused by global warming and for disaster
prevention purposes. Therefore, although a long time has passed since the image was
created, cedar forests are distributed mainly in the same areas. Due to the social problem
of cedar pollen allergy, there has been a recent movement to cut down trees and plant
different species, although this movement has not yet occurred in Tohoku region, as large
cities such as the Tokyo metropolitan area have taken the lead.

 

Figure 2. Distribution map of cedar forests in the southern Tohoku region created using Landsat-TM
data [16]. The areas with denser black dots are where more trees are planted. The black double circle
in the center indicates the location of a real-time cedar pollen monitor in Yamagata City.

https://www.data.jma.go.jp/stats/etrn/index.php
https://tenki.jp/guide/chart
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3. Results
The results of the study for the 10-year period from 2015 to 2024 are shown in Table 1a.

In 7 out of the 10 years, a cold front passed through the Tohoku region on the day with the
highest pollen count. In the remaining 3 years, no cold front passed through the Tohoku
region, although a warm front or stationary front passed through. The details of these three
years are shown in Table 1b. Figure 3A–G shows the position of the cold front and the cedar
pollen counts at each survey site. The cedar pollen counts at each location are shown in
pie chart form, in which the logarithm of the pollen count is the diameter of the circle. It
often takes about 3 to 10 h for a cold front to move across the Tohoku region from the Sea
of Japan side to the Pacific Ocean side, although sometimes this passage takes just a few
hours, as on 3 April 2015 (Figure 3A) and 21 March 2019 (Figure 3D). A large numbers of
pollen grains were counted in the western parts of the Tohoku region when the front was
still in the Sea of Japan and had not yet reached the Japanese archipelago. In any year, cedar
pollen counts can be found in large numbers where the front is located and before and after
it has passed through each observation point. A lot of cedar pollen is dispersed in the front
surface of a front. In such instances, pollen continues to disperse for several hours after the
front passes, although as time passes and the front moves away, it stops dispersing.

 

Figure 3. Cont.
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Figure 3. Changes in cedar pollen counts, wind direction, and wind speed during passages of cold
fronts: (A) 3 April 2015, 15:00 to 18:00; (B) 30 March 2016, 12:00 to 21:00; (C) 29 March 2018, 10:00 to
18:00; (D) 21 March 2019, 08:00 to 21:00; (E) 19–20 March 2020, 23:00 to 08:00; (F) 6 April 2022, 09:00 to
15:00; (G) 13 March 2023, 09:00 to 15:00.

The phenomenon of large amounts of pollen dispersion also occurring before a front
was seen in cases of warm fronts. As an example of these phenomena, Figure 4 shows
the positions of low-pressure warm fronts at a succession of timepoints on 23 March 2023,
as well as pie chart presentations of logarithmic values of 52 points obtained from Pollen
Robo in the Tohoku region. The figure shows the situation on the day when a low-pressure
system moved in a northeast direction from the Sea off Kyushu to Tohoku. On this day, a
warm front moved north through the Kyushu, Chugoku, and Chubu regions. In Tohoku,
cedar pollen was also dispersed during this time (11:00 in Figure 4a to 15:00 in Figure 4c),
with particularly high pollen counts in areas on the Sea of Japan side close to the low-
pressure system. There was almost no change in the number of pollen counts dispersed.
Around 19:00, when the warm front approached southern Tohoku, the number of pollen
counts decreased. This was different from the case of a cold front.
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Table 1. (a) The time and weather conditions when the cold front passed on the day of the high-
est pollen count in each year. (b) The year when no cold front passed on the day of the highest
pollen count.

(a)

No Year Date Time * Movement ** Rain Tem Wind
Speed Dir Weather

1 2015 3 April 3 NW → SE <1 mm 21.9 5.2 SW rainy
2 2016 30 March 8 NW → SE - 17.3 4.4 WSW cloudy
3 2018 29 March 8 NW → SE - 20.6 4.8 SW cloudy
4 2019 21 March 3 W → E - 14.3 1.8 SW cloudy
5 2020 19-20 March 9 W → E <1 mm 9 3.2 SSW rainy
6 2022 6 April 8 NW → SE - 18.4 4.5 WSW fine
7 2023 13 March 10 W → E - 6.1 1.7 NNE cloudy

(b)

No Year Front Type Date Time *** Rain Temp Wind
Speed Direction Weather

1 2017 Stationary front 6 April 19 <1 mm 16.6 2.4 SSE cloudy
2 2021 Warm front 20 March 16 - 10.8 5.1 ESE fine
3 2024 Stationary front 28 March 15 - 13.4 4.9 ESE cloudy

* The time it took for the front to move through the Tohoku region. ** The direction in which the front moved.
NW → SE: northwest (Sea of Japan) to southeast (Pacific Ocean). W → E: west (Sea of Japan) to east (Pacific Ocean).
*** The hour of the highest pollen count of the day.

 

 

 

Figure 4. An example of the locations of low-pressure systems (L), warm fronts, and cold fronts.
Each figure shows the amount of pollen in the air by the size of the pie chart, and the wind direction
and speed at that time by the arrow and its length. (a–d) The trend from 23 March 2023: (a) 11:00;
(b) 13:00; (c) 15:00; (d) 19:00. The suction capacity of the Pollen Robo has not been disclosed, although
since it is about 30% of that of the real-time pollen monitor KH-3000, the values have been tripled in
the pie chart in Figure 4. Therefore, it cannot be directly compared with Figure 3.
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Figure 4 shows the results for 2023. As the Pollen Robo is improved every year, we used
new data. Similar results were obtained in 2022. Namely, a low-pressure system located
south of Japan gradually moved northward, reaching as far north as the Tohoku region.
The warm front dispersed large amounts of cedar pollen at distances from several hundred
to one thousand kilometers ahead in its direction of travel (Figure 4a,c). Subsequently, the
amounts of dispersed pollen decreased with time (Figure 4d).

4. Discussion
Fronts associated with low-pressure systems are paired with cold and warm fronts. In

this study, we investigated cases of cold front passages, when cold fronts passed through
the Tohoku region of Japan where the study authors reside. In all cases highlighted in
Table 1 and Figure 3, the low-pressure systems were located in the Tsugaru Strait (a strait
between Hokkaido and Honshu) or further north (Hokkaido, Sakhalin). Paired warm
fronts associated with low-pressure systems were not recorded in the region shown in
Figure 3 but only to the north of this area. As almost no cedar trees are planted in Hokkaido
except on its southern tip, the warm fronts were not important in these cases, and so are
not included in Figure 3. The number of cedar pollen counts at each survey point shown in
the pie chart is expressed as a logarithmic value. This is based on the Weber–Fechner law,
which states that the perceived intensity is proportional to the logarithm of the stimulus.

In this study, we looked at how pollen counts at various locations change with the
passage of a cold front. What is common in many cases is that the pollen counts increase
significantly at the time the cold front passes, as well as before and after. Previously, we
obtained results in 2020; however, these results were for only two years [14]. This time, we
analyzed the data for 10 years, and confirmed the previous results.

We believe that this phenomenon occurs for the following reasons. In cases of cold
fronts, there is warm air in front of the cold air of the front. During the peak pollen
dispersion time, a large amount of cedar pollen is generated in this warm air mass. Cedar
pollen falls at a speed of 3 to 5 cm per second, so if the wind carrying the pollen only has
a horizontal component, it will fall onto the ground several hundred meters to several
kilometers away. However, because cedars are mainly planted on the slopes of mountainous
areas, the cedar pollen produced by the warm air is carried into the sky by updrafts. In
basins such as Yamagata, the bottom of the basin is warmed by the warm air, so valley
breezes always blow, and this phenomenon can be seen. When a cold front moves into a
warm air mass, the cold air sinks below the warm air, concentrating the pollen that was
present in the warm air mass. This is because air masses with different properties do not
mix easily, so they gather and concentrate on the front surface. As the cedar pollen on the
front surface falls due to gravity, it may be suggested that a large amount of cedar pollen is
dispersed at the front surface of the front, before and after the passage of the front.

There were days when a large amount of cedar pollen was dispersed even though a
cold front did not pass through our area. In most of these cases, the low-pressure systems
were located on the south of the Sea of Japan. When these low-pressure systems moved
northeast, the warm front moved northeast along the Japanese archipelago. By the time
the warm front reached the Tohoku region, the amount of dispersed cedar pollen had
decreased. This is a different situation to that which is seen in the case of a cold front. In
areas south of the Kanto region, the term “Haru Ichiban” (describing the first gusty wind of
spring in Japan, when the cedar pollen is at its peak in the Kanto region and further south)
is used to announce the arrival of spring. At this time, the cedar pollen is most abundant in
the Kanto region. This time is characterized by a low-pressure system over the Sea of Japan
that causes strong southerly winds to blow. In the Tohoku region, which was our target
area, the cedar pollen has only just begun to disperse at the time of the “Haru Ichiban”, and



Aerobiology 2025, 3, 5 11 of 14

the peak pollen season is still several weeks later, although looking at the movement of the
front in Figure 4, it is very similar. More details on this will be shared in the future.

Previously, to identify trends in cedar pollen counts, we used the simulation model
developed by Professor Emeritus Kawashima of Kyoto University [17,18]. Using this
prediction method, we were able to predict the dispersion situation in most cases, although
there were days when it could not be predicted. As we wrote in the introduction, if warm
days continue during the peak pollen dispersion period, the pollen count increases day
by day. However, it was not possible to predict the phenomenon of large amounts of
dispersed pollen on occasions when the weather worsened and rain started to fall. Using
the simulation method, a distribution map of cedar forests is used to make the cedar
forests in each mesh bloom at each altitude [2], and the pollen released from the blooming
cedar trees is moved by the wind. However, the only variables used in this case were the
temperature and wind direction and speed for each 10 km mesh. Consequently, phenomena
such as the passage of a cold front were not incorporated; therefore, these could not be
predicted. In addition, because the number of male flower buds varies by year and by
region, this must also be taken into consideration. In other words, in years when there are
many male flower buds, the dispersal period is longer, and the peak amount of dispersed
pollen is also greater. These amounts can differ between the southern and northern parts of
Japan, and in some cases between the Sea of Japan side and Pacific Ocean side. This was
taken into consideration, therefore, when determining the period of maximum dispersal.

From the perspective of providing information to people in Japan who may be im-
pacted by high levels of pollen, it is necessary that warnings about the abovementioned
phenomena be given through weather forecasts on days when a cold front is expected to
pass, or when a warm front is expected to move from the south to the north of the Japanese
archipelago. In the case of a cold front, the time it takes to pass is about 10 h. There is a
possibility that pollen will be dispersed for a few hours after the front passes until, after
about 5 h, it is no longer dispersed. In the case of a warm front, the amount of dispersed
cedar pollen increases during times when the front does not pass populated areas, so it is
necessary to provide information early. In the Tohoku region, for instance, the number of
pollen grains released will increase as soon as the warm front reaches the Hokuriku and
Kanto regions.

Incidentally, in the case of a cold front, the cedar pollen is dispersed in extremely large
quantities for only a short period of time. Does this mean we only need to be careful for a
short period of time? This does not seem to be the case. Pollen allergens may persist for a
long time, even after the pollen can no longer be seen. It is known that pollen in the air
contains pollen allergens (antigens) that are released from the pollen [6,19]. More specifi-
cally, in addition to being caused by cedar pollen itself, cedar pollen allergens (antigens)
exist in the air when released from cedar pollen and attached to other airborne particles
(Supplementary Figure S2) [20,21]. It is also known that there is sometimes no correlation
between the number of pollen grains and the amount of pollen allergens (Cry j 1) [22,23].
Cry j 1 existed several days before cedar pollen appeared in the air. This fact coincides with
the finding that symptoms appear among sensitive pollinosis patients before the pollen
can be detected in the air [22]. We speculate that the reason for this is that the allergens
derived from pollen that are transferred to water by rain droplets or other factors adhere to
airborne particles [20,21]. Major cedar pollen allergens are present in exine (Cry j 1) [23,24]
and starch granules (Cry j 2) [23,25]. It may be recalled that in the cold fronts, pollen grains
are concentrated on the front surface of the front. Some parts of the pollen allergens are
transferred to water droplets in the air around the pollen grains; the water droplets then
gather together and fall to the ground as rain. In such instances, pollen allergens remain
in the rainwater, so caution may be necessary when light rain is observed several hours
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after the passage of a cold front. Additionally, in urban areas, pollen allergens attached to
diesel gas may be dispersed on roads with heavy traffic [26,27]. This allergen also adheres
to yellow sand [28], so caution is also necessary when yellow sand comes from the Asian
continent. At such times, cedar pollinosis patients should be especially careful. Although
the sudden increase in pollen counts when a front passes is short-lived, it is believed that
the cedar pollen allergens eluted from the pollen that fall with rain remain suspended in
the air for a long period of time, increasing the possibility of a new onset of disease. In the
case of a warm front, however, there is little risk of rainfall. Nevertheless, the cedar pollen
concentrated in the air remains dispersed in large quantities for a long time. As this is the
period before the front passes, it is to be expected that the cedar pollen will continue to
disperse for a long time; therefore, caution is also required in cases of warm fronts.

5. Conclusions
1. We investigated whether the amount of cedar pollen dispersal increased significantly

due to cold fronts passing through the Tohoku region during the peak cedar pollen
dispersal period over the 10-year from 2015 to 2024. There were 7 cases in which a
cold front passed through the pollen survey site (Tohoku region) on the highest cedar
pollen dispersion day.

2. We looked at how the pollen counts at various locations change with the passage of
a cold front. What is common is that the pollen counts increase significantly at the
time the front passes and before and after the front has passed. In cases of cold fronts,
extremely large amounts of pollen were dispersed during the several hours before
and after the front passed.

3. There were 3 days when the highest count of cedar pollen was dispersed even though
a cold front did not pass through our Tohoku region. Large amounts of pollen were
dispersed when the front was located several hundred to one thousand kilometers
south of the Tohoku region and while heading north. The amount of pollen decreased
by the time the front reached the Tohoku region.

Supplementary Materials: This study was exempt from ethical review and approval because it
focuses on airborne pollen. The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/aerobiology3020005/s1, Figure S1. Comparison of the real-time
cedar pollen monitor KH-3000 (dotted line) and the Burkard sampler (solid line). Figure S2. Cedar
pollen antigen spots from airborne pollen samples at cedar pollen season collected with Burkard
sampler [29,30].
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