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We have been continuously observing the daily Be-7 concentrations at Bangkok in Thailand
(13.765° N, 100.526° E) since June 2014 to investigate the relationship between solar activities
and the variation of cosmogenic nuclides in low latitude. The Be-7 concentrations show a clear
seasonal variation with the high and low concentrations during January to May and June to De-
cember, respectively, for each year. In order to understand the seasonal variations, we calculated
back trajectories of air mass by HYSPLIT. The calculation indicates that the back trajectories
are distinguished three patterns in a year, which are "Indian Ocean trajectories”, "Continental
trajectories”, and "Pacific Ocean trajectories". Moreover, we estimated monthly amount of Be-7
coming to Bangkok for each trajectories by EXPACS. From these findings, the amount of Be-7
is high during Continental and Pacific Ocean trajectories. On the other hand, one is low during
Indian Ocean trajectories. This phase of calculated Be-7 can explain the seasonal variation. Com-
paring this phase and the phase of observed Be-7 concentrations, there is a time lag of one or two

months.
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Be-7 concentrations in Bangkok and simulated Soichiro Suzuki

1. Introduction

Cosmogenic radioactive nuclide Be-7 of the half-life of 53 days is produced by spallation
interactions between cosmic rays and nitrogen or oxygen in the atmosphere. Once produced, they
are immediately oxidized and then attach to aerosols. The aerosols with Be-7 fall down to the
ground surface by dry deposition and/or wet deposition.

The nuclide Be-7 is a useful tool to investigate time variations in cosmic rays coming to the
whole Earth, because the Be-7 is globally produced in the atmosphere and are fallen down to
the surface through global scale air-mass transport. Thus, we have been observing daily Be-7
concentrations sampling aerosols in surface air at Bangkok located at a high cut-off rigidity of
the geomagnetic field. There are few observations for the area compared with those for the mid-
latitudes[].

The Be-7 concentrations in surface air are disturbed by a global scale air-mass transport after
the Be-7 is produced in the atmosphere. The transport includes the air-mass exchange between
the stratosphere and the troposphere, the vertical transport in the troposphere, and the horizontal
transport such as from the polar to the tropical region. Therefore, when investigating the time
variations in cosmic rays such as solar modulation from those of Be-7 concentrations, it is important
to clarify which region that the Be-7 at a sampling site are coming from which region and through
which the three-dimensional paths through the atmosphere.

So, we calculated the Be-7 coming to Bangkok employing two kinds of simulators of the Hy-
brid Single-Particle Lagrangian Integrated Trajectory model (HYSPLIT) and Excel-based Program
for calculating Atmospheric Cosmic-ray Spectrum (EXPACS)[Q][B].The air-mass trajectories to the
sampling site are simulated using the backward function of HYSPLIT and the production rates of
Be-7 are simulated for an arbitrary point in the earth atmosphere using EXPACS. In this report,
we describe the time profiles of observed Be-7 concentrations at the Bangkok sampling site for
three years, the simulated air-mass trajectories, and the amount of Be-7 coming to Bangkok by the
simulation, discussing the relationships between them.

2. Experiment and Method

2.1 Sampling and Measurement

Daily Be-7 concentrations in the atmosphere have been continuously observed at the Faculty
of Science, Mahidol University in Bangkok since June, 2014. The sampling location is at 13.765°
N, 100.526° E, and the altitude is 15 m. A high-volume air sampler (HV-500R) manufactured by
SIBATA Company is set for collection of aerosols from the air. The air was collected at 500L
per minute. The aerosols with Be-7 is trapped in a sheet of the glass fiber filter with the diame-
ter of 110mm (ADVENTEC GB-100R). The radioactivity of Be-7 in the filter, which emits y-ray
of 477.6keV, was measured using the high-purity germanium 7y-rays detector GCW3023 (CAN-
BERRA) at the 20m underground laboratory of the Institute for Cosmic Ray Research (ICRR),
Tokyo University. The background level of the detector system is 6.0 x 103 cpm on the equiva-
lent channel to the y-rays energy of the Be-7.
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2.2 HYSPLIT and EXPACS

We analyzed the trajectories of air mass motion using HYSPLIT. In this simulation, the me-
teorological data set GDAS1 (Global Data Assimilation System) was provided by the NOAA’s
(National Oceanic and Atmospheric Administration) Air Resources Laboratory (ARL). The back
trajectories were calculated for all on one dates from June in 2014 to December in 2016 as follows:
The end point of trajectories, at which the sampling site, was set at 13.765° N, 100.526° E, with
the altitude of 3 m. The trajectory was backward traced up to 30 days with the time interval of 1
hour. The number of calculated trajectories on one date is 24 paths with the time interval of 1 hour.
To calculate the production of Be-7 on the trajectory air-mass boxes with 1 km cubic cells are put
on the trajectory at 1 hour interval. So the number of air-mass boxes reaching the end point is 720
boxes for the trace duration of 30 days

To calculate amount of Be-7 on each of air mass trajectories flown in Bangkok, we investi-
gated using EXPACS simulation program. EXPACS can calculate the energy spectrum of neutrons
and protons at an arbitrary altitude, latitude, longitude, and date considering the vertical cut-off
rigidity and the solar modulation of the primary galactic cosmic rays spectra. Using EXPACS,
Be-7 production rate P(x,y,z,t) [atoms/g/s] in a time ¢ and three-dimensional coordinates (x,y,z)
is calculated as follows:

E>
P(%)’JJ) :/E Fn,p(E7x7y7Z7I)NN,O(x7y7Z)O-Be—7(E)dE7 (21)
1

,where F,, ,(E,x,,z,t) [particles/cm?/s] is the energy spectrum of neutrons or protons, Ny o (x,,z)
[atoms/g;] is a number of nitrogen or oxygen in air mass, and Op,—7 [cm?] is the cross-section of
Be-7 production. E; and E; are 10 [MeV] and 100 [Ge V], respectively.

The Be-7 in the troposphere, in general, are shown by a differential equation in the box model
as follows:

dN,
7; = P—ANt‘stNs _ktNta

,where N, N;, and P(x,y,z,t) are Be-7 at the troposphere and stratosphere, and production rate of
Be-7, respectively, and k;, kg[@][B], and A are removal rates from boxes in the troposphere and the
stratosphere, and disintegration constant of Be-7, respectively.

Since we focused on the air mass trajectories in the troposphere as the first attempt, in the
calculation the exchange between the troposphere and the stratosphere was neglected and hence
ky=0. Also, assuming equilibrium between the production rate and the remove rate of Be-7 in
the cell, the amount of Be-7 in each cell on the trajectory was calculated. Moreover, as the Be-7
disintegrated in and was removed out of the cell until the cell reaching the end point, the effect was
taken account for the amount of Be-7 as follows:

N(r) = PERDD —viye, 2.2)
Atk
, where 7 is the trace back time. Finally, for a trajectory traced back with the maximum trace back
time T,,4,[B], the total amount of Be-7 reaching the end point was shown as follows:

T=Tmax

N(Tae) = / N(t)dx, 2.3)

=0
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To compare with the monthly profile of observed Be-7 concentrations, the total amount of Be-7

was calculated for the trajectories with the time resolution of 1 hour for one month and then they

were averaged.

3. Results and Discussion

3.1 Time profiles of the Be-7 concentrations and trajectories by HYSPLIT analysis
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Figure 1: Time profiles of daily and monthly Be-7 concentrations in Bangkok

Fig.Ma) and b) show the time profiles of the daily and monthly of observed Be-7 concentration

from June in 2014 to December in 2016. The Be-7 concentration shows a clear seasonal variation

with the high and low concentrations of 3.4 mBg/m> and 1.5 mBq/m® during January to May and

June to December, respectively, for both years. The peak of high Be-7 concentration is 2.3 times

as large as that of the low Be-7 concentration. Fig.ld shows the time profile of Be-7 concentration
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Figure 2: Time profiles of monthly Be-7 concentration and precipitation at Bangkok

compared with that of the monthly precipitation[l] in Bangkok from June in 2014 to December
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Figure 3: a) Time profiles of daily Be-7 concentration
Bangkok. b) scatter plot between them
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Figure 4: Back trajectories and altitudes of those trajectories. The left panels are from May to September.
The center panels are from October to February. The right panels are from March to April.

in 2016. At Bangkok, the rain season is during May to September and the period of small pre-
cipitation is during October and April in a year. The seasons correspond to the Indian trajectory,
the Continental and Pacific Ocean trajectories of air-mass motion, respectively, as shown in next
section. In general, as aerosols are scavenged by rain, it is considered that the Be-7 concentrations
are in low level at rainy season. However, as shown in Fig.Ba) and b), the relationship between
the Be-7 concentration and the precipitation is not so simple from the time profile of daily Be-7
concentration compared with that of the daily precipitation, and the scatter diagram between them
for the rain season from June to October in 2014. Therefore, in addition to the local meteorological
effects it is necessary to investigate transport processes of Be-7 with global scale.

Fig B shows the back trajectories coming to Bangkok and the altitudes of trajectories simu-
lated by HYSPLIT. Their trajectories have three patterns, which we call "Indian Ocean trajectory”,
"Continental trajectory”, and "Pacific Ocean trajectory", corresponding to three durations in the
year. The Indian Ocean trajectories, the Continental trajectories, and the Pacific Ocean trajecto-
ries are coming to Bangkok through the Indian Ocean, the Eurasian Continents, and the Pacific
Ocean. FigH shows the average trajectories for each month. It is clear that the air masses are
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Figure 5: Monthly average latitude and longitude
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Figure 6: Time profiles of monthly latitudes Figure 7: Time profiles of monthly altitudes
and the observed Be-7 concentrations and the observed Be-7 concentrations

passing through the Indian Ocean, the Eurasian Continent, and the Pacific Ocean, respectively,
corresponding to the three seasons.

Fig.B shows the time profiles of average latitudes for the calculated trajectories for three values
Tmax (240, 480 and 720 hours), compared with the time profile of the observed Be-7 concentration.
The trajectories during October to April, which are the Continental trajectory and the Pacific Ocean
trajectory, are passing through relatively high latitudes of approximately 30 degrees. Also, the
trajectories during the May to the September, which are the Indian Ocean trajectory, are passing
through roughly tropical latitudes. The periods of the enhanced Be-7 concentrations are included
in the duration of higher latitudes.

Fig.l shows the time profiles of average altitudes for the calculated trajectories for 7,,,, (240,
480 and 720 hours), compared with the time profile of the observed Be-7 concentration. The tra-
jectories during October to February, which are corresponding to the Continental trajectory, are
passing through relatively higher altitudes. Also, the trajectories during the May to the September,
which are corresponding to the Indian Ocean trajectory, are passing through low altitudes. The
period of the enhanced Be-7 concentration is shifted from the peak month of the altitudes. Thus,
although there are some connection between the seasonal variation of the observed Be-7 concen-
trations and the air-mass trajectories, the relationship between them is not so clear. Hence, it is
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important to simulate the amount of Be-7 transported to Bangkok by each trajectory.

3.2 Simulated Be-7 by EXPACS for trajectories by HYSPLIT
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Figure 8: Time profiles of the simulated Be-7 Figure 9: Time profiles of the simulated Be-7
Tmax=240 hours and the observed Be-7 Tmax=1720 hours and the observed Be-7
concentrations by moving averages concentrations by moving averages

Fig B shows the monthly time profile of the simulated amount of Be-7 coming to Bangkok and
that of the observed Be-7 concentration with the blue and red lines, respectively. Both lines are
moving averages over three months. The simulated Be-7 has an enhanced portion during October
to April with a peak in January. Also, the period between the two peaks in 2014 and 2015 is just 1
year, indicating an exactly seasonal variation. Although the observed Be-7 concentration has a time
profile similar to the simulated Be-7, the peaks are in February with a time lag of approximately
one month from the simulated Be-7. Fig.B is the same as Fig.B excepting for the 7,,,,=720 hours.
Although the enhancement of the simulated Be-7 shows a broader shape for the larger 7., the
relationship of the time profiles between the observed Be-7 concentrations and the simulated Be-7
is as good as that for 7,,,,=240 hours. The time lag might imply a contribution of the stratosphere
component of Be-7 because air mass for the Continental and the Pacific Ocean trajectories passes
through high altitudes in the troposphere as shown in Fig.g@.

Table 1: Yearly Be-7 concentration at Bangkok, Yamagata, Sun spots Number(SSN), neutron intensity in
Thule, N(720) simulated Be-7 for 7,,,,,=720 hours in 2014 (from June 2014 to May 2015) and 2015 (from
June 2015 to May 2016)

Be-7 at Bangkok Be-7 at Yamagata Thule NM
Period (mBg/m?) (mBq/m?) SSN  (cnts/hr)  N(720)
2014 2.29 49 944 4222 247.1
2015 2.11 51 574 42908 2125
Rate of variability
to 2014(%) -7.9 4.1 -39.1 1.8 -14.0

Tab.ll shows the Be-7 concentration. The neutron intensity in Thule, and the Sunspot number
(SSN) for each year from June 2014 and 2015. The neutron at Thule neutron monitor showing
modulation of cosmic rays is increasing with 1.8%, corresponding to the SSN of 39.2% which
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indicates a decrease phase of solar activity. Although the Be-7 concentration at Yamagata, Japan
which locates in mid-latitude (38.25° N, 140.25° E) is increasing with 4.1% as well as the neutron,
the Be-7 concentration at Bangkok is decreasing with 7.9%. Since the simulated Be-7 is decreasing
with 14.0% as well as the observed Be-7 concentration at Bangkok, the decrease against to the
increase of neutron at polar region might imply a time lag of produced Be-7 coming to the low
latitudes.

4. Conclusion

To investigate the relationship between cosmogenic nuclides at low latitude and solar activity,
we have been observing the daily Be-7 concentrations at Bangkok, Thailand. The Be-7 concentra-
tion was high (3.4 mBg/m?®) during January to May and low (1.5 mBq/m?) during June to Decem-
ber. From the HYSPLIT analysis, the air mass trajectories for three seasons are characterized by
three patterns, "Indian Ocean trajectory", "Continental trajectory”, and "Pacific Ocean trajectory".
So, we calculated the amount of Be-7 for each trajectory using EXPACS simulations. The time
profile of the simulated Be-7 is similar to the observed Be-7 concentration excepting for time lag
of one month for the peaks between the simulation and observation. We note that scavenging of
aerosols by precipitation may also play a role.
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