





Flux (Arbitrary)

Flux (Arbitrary)

0.045

-0.005

0.008

0.006

0.004

0.002

Time (Hours)

T T T T
Red Line: No Current Sheet
Blue Line: With Current Sheet{

2 3 4 5 6

Time (Hours)

Flux (Arbitrary)

Flux (Arbitrary)

0.045

0.04

0.035

-0.005

0.008

0.006

0.004

0.002

Time (Hours)

T T T T
Red Line: No Current Sheet
Blue Line: With Current Sheet{

2 3 4 5 6
Time (Hours)




1
Heliospheric Current Sheet

=z .

[ Flare region

3

E same side opposite side
E

©

5

=g

g

& Foot point of the Earth.

The Earth connects the point through Parker field.

Heliographic Longitude

\ZleKEE Positional relations among flare
region, current sheet, and the
earth

the same side. When the earth is located on
the side opposite the flare region, however, the
time variations of flux exhibit noticeable dif-
ferences. When the current sheet comes in-
between in reference to the right panel, the
flux observed from the earth is considerably
smaller than that observed in the absence of a
current sheet. This is probably due to a dimin-
ishing number of particles traversing the cur-
rent sheet as the particles moved along the
current sheet, resulting in less flux.

The presence of various structures, such as
a current sheet in the solar wind, could thus
have a significant bearing on the process of
solar energetic particle propagation and on
time variations in the solar energetic particle
flux on the earth, thereby stressing the need
for a model capable of reproducing solar wind
structures in detail for space weather forecast-
ing by means of simulation. Simulations capa-
ble of reproducing the structures of solar
winds are detailed in References(12]and[13].

4 Space environment event
reporting system

One key goal of space weather forecasting
is realizing a quantitative forecasting of such
space environmental disturbances as solar
flares and proton events far in advance of
actual occurrence, and then disseminating the

relevant information. At the moment, howev-
er, much remains yet to be discovered or
solved regarding the physical processes of
solar flare occurrence and solar energetic par-
ticle generation. Moreover, given the few
means available for observing the internal
conditions of the sun from which these activi-
ties originate, we have a very long way to go
toward achieving this goal. Perhaps the second
best way to disseminate information is collect-
ing observational data in real time in order to
spot space environment events sequentially, so
that solar flares and increases in solar ener-
getic particles can be identified for immediate-
ly reporting events that exceed a warning level
as these events occur to alert users.

Since about 10 years ago, information and
communications technology has advanced
rapidly, shaping up a framework for collect-
ing, processing and reporting various sources
of space environment data in quasi real time.
As a result, the ability to detect the occurrence
of, and changes in, space environment events
from observational data in real time and dis-
seminate relevant information promptly has
reached a stage of practical usefulness. Real-
time dissemination of alarm information
should not only help bolster the safety and
security of artificial satellite operations,
broadcasting and wireless communications,
but should also aid in expediting the analysis
of failure factors. Moreover, the computer
algorithm-based workflow of detecting events
and making decisions on whether to report
such events is of objective value and, when
automated or made autonomous, eases the task
of building a scheme of monitoring the space
environment around the clock with relative
ease. In addition, by setting the address of a
cellular phone as a reporting contact address,
the owner of the cellular phone can be notified
of the occurrence of anomalies by e-mail at
any time (provided that the owner is within
the cellular phone service area), without
resorting to the Internet. For the reasons stated
above, we have developed a space environ-
ment event reporting system and commis-
sioned it into operation as one of many infor-
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mation services.

4.1 System configuration

The system is modularized for each space
environment event, such as a solar flare or
proton event. Each module consists of an
event detection process and an event reporting
process. Figure 12 is a schematic diagram of
the system configuration. The following
explains why each module is divided into an
event detection process and an event reporting
process.

To understand the properties of space
environment events and enhance the technolo-
gy for predicting the occurrence of such
events, it is important to extract and analyze
all space environment environments, regard-
less of scale. The frequency at which space
environment events occur, however, is general-
ly known to increase exponentially as the
scale of these events narrows. Therefore, if all
space environments were reported upon detec-
tion, a vast number of notifications-most
involving small-scale events-would result.
Space environment events that could affect
outer space utilization, social infrastructures,
etc. are limited to larger-scale events, thereby
requiring an additional decision-making
process to determine whether to report only
those events that have reached a given alert
level, in addition to extracting all event infor-
mation generated. The event extraction algo-
rithm and reporting criteria can also be tuned

Real time
data collection

Space Environment iching id 'fe .
data updatin; identification
data base ¢

Event list Watching Judgment
data base list updating of nowcasting

Event nowcasting for user

\7le i 4| Space environment reporting sys-
tem schematic diagram

by editing the parameters coded in the config-
uration file.
4.1.1 Data flow

NOAA’s GOES satellite is equipped with a
Space Environment Monitor (SEM) to mea-
sure solar X-ray flux, solar energetic particles,
and radiation belt particles. Data collected by
the SEM is stacked on the SWPC data server
in quasi real time. We access this server every
five minutes to collect the latest space envi-
ronment data.

The Advanced Composition Explorer
(ACE) satellite is a spacecraft that measures
solar wind at the L1 point. ACE supports
apparatus designed to measure solar wind
plasma (using SWEPAM), magnetic fields
(using MAG), solar energetic particles (using
EPAM, SIS) and more. ACE is fulfilling an
observation mission as part of a global cooper-
ation program to monitor solar winds around
the clock. NICT participates in this program to
receive data in real time(14]. ACE data is
essentially collected in real time as well.

4.1.2 Event detection process

The event detection process is initiated by
reading a status file to collect information
about the status of the last session of process-
ing (e.g., the extent of processing conducted,
whether an event occurred). This information
enables the process to determine from when
data is processed and in what sequence the
detection algorithm is run. There are two basic
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T =
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\Zle KR X3.4 class solar flare observed on
December 13, 2006 (reprinted
from the SWPC Website)
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methods of event detection as follows:

1) Determine the start of an event using a
variation (AX) in its physical quantity as
a threshold.

2) Determine the start of an event using the
size (|X|) of its physical quantity as a
threshold.

Method 1) is best suited for phenomena
involving sharp variations in a physical quan-
tity, such as a solar flare (Fig. 13); method 2)
is suitable for gently varying phenomena, such
as proton events (Fig. 14). (For more informa-
tion about the solar flare and proton event

GOES11 Proton Flux (5 minute data)
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detection algorithms, see Appendix.)
4.1.3 Event reporting process

Space environment event information
extracted by the event detection process is
stacked on the server in the form of an event
list. By monitoring the updated status of this
list to meet a defined reporting requirement,
the event reporting process can e-mail event
information to registered users as a prelimi-
nary report.

Two event reporting requirements are pre-
defined as follows:

1) The scale of an event has reached a speci-
fied alert level.

2) The duration of an event has exceeded a
specified length.

Requirement 1) is common to all space
environment events, whereas requirement 2)
applies to long-lasting variations of a proton
event or radiation belt particles. Its purpose is
alert users to the status of an event now occur-
ring.

The reporting thresholds are described
below. This information is coded in the con-
figuration file and can be edited as needed.

[Solar flare preliminary reporting condition]
An M class or higher (107°Wm™~?2 or higher)
flare has occurred.

From: main@ml.nict. go. jp

To: sekkk@xk, kk, ok

BAsABFZI (UT)
02:06 02:12

Subject: Report of intense X-ray flare
Date: Sun, 03 Jun 2007 11:21:04 +0900

2007 £ 06 A 03 B 11 B 21 4 JST &R
GOES-11 MEDWAMN L. UTDRVKEZEI LT7AREShEL,
SREER AR (UT)

REt : FHEETIZEE NICT) BRKMAMRE 2 —

TROIYVIETARY bOTOY EHAHEICENET,
http://mobilep. nict. go. jp/flare-xray/flare-xray_event. php

RTRZWT) RBXHE
02:16 M7.0
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[Proton event preliminary reporting condition]
An event with its 10 MeV or higher proton
flux exceeding 10 PFU has started.

A 10 MeV or higher proton flux has exceeded
100,1000,10000 PFU.

A 10 MeV or higher proton flux has fallen
below 100,1000,10000 PFU.

A 10 MeV or higher proton flux in excess of
10 PFU has lasted for at least one day.

A 10 MeV or higher variation of the proton
event has ended.

Event information is delivered in the for-
mat described in Table 1. For the sake of user
convenience, the reporting format is available
in two versions: one intended for PCs with
less text length constraints, and one for

NICT
FEEILTOHER
TVTHET H

FHTAN b
2O08-03-25 1856 UT
OUTRsE T

BI040k
2008-03-25 1856 UT
ILTRERE M7
2007-06-09 13:48 UT
JUTAREE MO
2007-08-04 05:13 UT
JLTREE MBS

\Jle k-1 Links fo the event plot destination
(for cellular phones)
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18
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=m0 = X

18

7l I3 Example of event plot (X-ray

flare)

portable terminals with a limited displayable
text length. In both versions, event-specific
information, such as time and physical quanti-
ties, is read from an event list into a fixed-
phrase template file as variables. For portable
terminals, an event graph viewing function is
implemented (Figs. 15, 16).

4.2 System operating status

Since its prototype was completed in
March 2000, the system has been used as a
tool to assist forecasters at NICT. Since Febru-
ary 2004, the system had only been test-run
for reporting solar flares and proton events
with a view toward verifying its working per-
formance and identifying any problems that
might impede steady operation. The test run
uncovered delays in e-mail delivery and a
need for reporting the start of an event. The
system has subsequently gone through modifi-
cations and, with an additional repertoire of
services being set, has migrated to a produc-
tion run since April 2005. It now supports a
group of just under 700 registered users.

5 Conclusions

This paper discussed the possibilities of a
statistical approach and a simulation approach
to predicting and issuing alerts on the occur-
rence of solar energetic particles. Both tech-
niques are still evolving and should benefit
from ongoing research. Research on predict-
ing and issuing alerts on solar flares and coro-
nal mass ejections (CMEs), which are the ori-
gins of solar energetic particles, is also needed
but remains in an evolutionary stage, with sta-
tistical probability forecasting being the best
method attained thus far[151016]. As a break-
through, a space environment event reporting
system that automatically detects and issues
alerts on the occurrence of solar flares and
proton events has been developed. The system
provides a useful means of detecting events in
the early stages of occurrence and disseminat-
ing related information, and has already
reached a state of practical usefulness. Thus,
research on predicting and issuing alerts on

28 Journal of the National Institute of Information and Communications Technology Vol.56 Nos.1-4 2009



the occurrence solar energetic particles has
been actively pursued from various perspec-
tives and promises a further leap.

Appendix

A.1 Solar flare detection algorithm

The solar flare detection algorithm is
described below. Assume that the physical
quantity handled (X-ray intensity: Wm™?) and
the time series (1-minute value) of timing
information are X (t) and T (t), respectively.
1)__Checking the status of event detection

Use an event list to check the detection
status of a solar flare (no event, event occur-
ring (event start, maximum value)). The sub-
sequent course of processing varies depending
on the status of event detection.

2)_ Detecting “start of event” (1)

If “no event” applies in 1), define the time
T (k-3) at which the time-series data at four
points [X (k-3), X (k-2), X (k-1), X (k)] ini-
tially meets all the following three require-
ments as a solar flare start time, and assume
“start of event” detection:

A)X (k-3),X (k-2), X (k-1),X (k) > 1.0 x 107
B) X (k-3) < X (k-2) < X (k-1) < X (k)
0)1.4xX (k-3) =< X (k)

3) Detecting “start of event” (2)

If the ““start of event” has not been detect-
ed in 2), the following algorithm is used to
detect “start of event”:

Define the time T (k-9) at which the time-
series data at 10 points [X (k-9), X (k-8), X
(k-7), ....X (k)] initially meets all of the fol-
lowing three requirements as a solar flare start
time, and assume "start of event" detection:
A)X(k-9), X(k-8), X(k-7),....... , X (k) >

1.0x1077
B) X (k-9 <X k-8 <Xk-7<....... <X (k)
0 1.2xX (k-9) =< X (k)

4) Detecting “maximum value and maxi-
mum time”

Detect maximum value X (k) and its time
(maximum time) T (k) from the time-series
data following “start of event.” If the same
maximum value spans multiple times, consid-
er the earliest time as the maximum time.

5) Detecting “end of event”

Define the time T (k) at which the time-
series data following ‘“start of event” initially
meets all of the following two requirements as
a solar flare end time, and assume “end of
event” detection:

A) X (k) < (Xstart + Xmax) /2 (value at “start of
event,” Xmax: “maximum value”)
B) T (k) > Tmax ( “maximum time”)
The same algorithm as used at the SWPC is
used for detecting “start of event” (1). This
algorithm, however, is not capable of detect-
ing a moderately starting event, such as a
Long-Duration Event (LDE), and therefore
has been used in conjunction with the algo-
rithm for detecting “start of event” (2) to
detect an LDE.

A.2 Proton event detection algorithm

The proton event detection algorithm is
described below. Assume that the physical
quantity handled (10 MeV or higher proton
flux: PFU) and the time series (5-minute
value) of timing information are X (t) and T
(t), respectively.
1)__Checking the status of event detection

Use an event list to check the detection
status (no event, event occurring (event start,
rising level, maximum value, falling level)).

2) Detecting “start of event’ (rising level 1)

Define the time T (k) at which the time-
series data at points num (X (0) to X (num))
initially meets all of the following require-
ments as an event start time, and assume ‘‘start
of event” detection:

X (k) > xlim
where, xlim = 10
3)__ Detecting “rising level n”

Define the time T (k) at which the time-
series data following “start of event” (includ-
ing start time) initially meets the following
requirement as a rising level n time, and
assume ‘“rising level n” detection. This time
can even be the start time:

X (k) > xlv (n)

where, xlv (2) = 10? (level 2), xlv (3) = 10°
(level 3), xlv (4) = 10* (level 4), xlv (5) = 10°
(level 5)
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4) Detecting “maximum value and maxi-
mum time”

Detect maximum value X (k) and its time

(maximum time) T (k) from the time-series

data following “start of event.”

5)__Detecting “falling level”

Define the time T (k-2) at which the time-

series data following the rising level initially

meets the following requirement as a falling

level time, and assume “falling level” detec-

tion:

X(k-2)<xlv& X(k-1)<xlv& X (k) <xlv
[where, 2 < k < num]

6) Detecting “end of event”

Define the time T (k-2) at which the time-

series data following “start of event” initially

meets the following requirement as an event

end time, and assume “end of event” detec-

tion:

X (k-2) < xlim & X(k-1) < xlim & X (k) <

xlim

[where, 2 < k < num]
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