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1. Introduction

Statistically sufficient numbers of images of persistent
meteor trains have proved difficult to obtain due to the
extreme rarity of these phenomena. Although many
researchers have reported observations of persistent trains
over the last century (e.g. Trowbridge 1907, Liller and
Whipple 1954, Baggaley 1977, Shigeno et al. 1998,
Jenniskens et al. 2000, Abe et al. 2003, Borovicka and Koten
2003, Suzuki 2003), the investigation of even basic mor-
phologies has yet to be performed in any detail. In the period
of 1998–2002, many persistent trains were observed during
Leonid meteor storms due to the establishment of the meteor
train observation (METRO) campaign in Japan as a well-
integrated observation campaign targeting persistent meteor
trains. Through the successful cooperation of skilled amateur
observers and recent advancements in imaging instrumenta-
tion, the first statistically adequate number of images of per-
sistent meteor trains were obtained. As an archive of valu-
able data for future studies, an image catalogue of Leonid
meteor trains has been created and is presented in this paper.

Leonids activity was elevated in 1998–2002 due to the
return of the parent comet 55P/Tempel-Tuttle to perihelion
in 1998. Corresponding to the encounter with multiple dust
trails, Japan and East Asia encountered a Leonid meteor
storm of ZHR = 4520 at 18:10 UT on Nov. 18 (3:10 JST on
Nov. 19), 2001 (Ogawa and Uchiyama 2001). As the
Leonids have a high incidence velocity of 71 kms–1, the

appearance of persistent meteor trains of Leonids occurs
much more often during Leonids events than during other
meteor showers. Although Leonid meteor storms have been
reported historically, the rate of Leonid persistent train
appearance was unknown due to the lack of a concerted
observation campaign aimed at meteor train imaging. The
perihelion passage of the parent comet of the Leonids thus
provided an important opportunity for meteor train imaging.
The METRO campaign was initiated in 1998 with the objec-
tive of obtaining multiple-site observations of meteor trains
with high spatial and temporal resolution in order to allow
the height, three-dimensional structure and motion of persis-
tent meteor trains to be resolved. The meteor train images
were also expected to be useful for study of the upper atmos-
pheric wind system. 

The METRO campaign was aimed at amateur
observers, raising awareness as to the importance of highly
integrated observations of persistent meteor trains through
high-resolution imaging. The campaign resulted in the col-
lection of much useful information regarding meteor train
morphology. Observation of persistent train events and
rapid, repeated photography or video imaging of the lumi-
nescence through manual techniques proved to be effective
for capturing the intrinsic motion of the meteor trains and the
diffusion speed in the upper atmosphere. For events that
were observed and captured at multiple sites, precise heights
and three-dimensional structures can be determined for the
moving persistent trains. 

In the past, observations of meteor trains by Japanese
amateur observers (Toda et al. 2004) have demonstrated the
good observation skills of amateur observers, and these
skills were put to good use during the 1998–2002 period
when the frequency of these extremely rare phenomena
increased. As a result, the METRO campaign recorded many
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scientifically useful results, again demonstrating the good
skills of the collaborators. During the campaign period in
1998–2002, more than 439 image sequences including 53
multiple-site observations and 123 single-site observations
were submitted to the METRO campaign. Prior to the
METRO campaign, precision investigations of the heights
and structures of persistent trains were limited in number.
The image catalogue of persistent meteor trains created dur-
ing the METRO campaign therefore provides a new opportu-
nity to determine these features statistically. In this paper,
the observations are listed and examples of the images are
presented. The complete set of image sequences and video
observations will soon be available via the internet
(Yamamoto et al. 2005).

2. Observation methods

Meteor trains were photographed by still imaging using
film and digital cameras and by video imaging. The most
common technique for capturing meteor train images
involved 1) manually targeting and photographing the mete-
or train upon appearance, 2) precise recording of the appear-
ance time of parent fireballs and the timing of each snapshot,
3) recording of the magnitude of the fireballs and the back-
ground constellations, and 4) recording of the local coordi-
nates of the observation site. This method was carefully
reviewed before the METRO campaign on the basis of past
observation examples. The largest numbers of observations
were recorded in 2001 when Japan and East Asia encoun-
tered the largest meteor storm of this period.

2-1. Still imaging (film and digital cameras)

As persistent meteor trains in the upper atmosphere
undergo rapid diffusion, short exposures of imaging are
important for obtaining high-quality detailed images of per-
sistent train structures. The use of lenses with long focal
length is also important for high-resolution imaging of the
events, and wide-aperture lenses and high-sensitivity film

are necessary for high-quality imaging of the faint lumines-
cence. As repeated short-exposure photographs or video
imaging allow the complex motion of persistent trains to be
resolved, image sequences were obtained by the following
technique during the METRO campaign: 1) Use of a tele-
photo lens with focal length of over 200 mm, 2) use of a
wide-aperture lens of F = 2.8 or brighter, 3) taking short
exposures of less than 4 s, and 4) using film with a total sen-
sitivity of ISO = 12,800 for monochrome film and ISO =
6400 for color film, after the quadruple intensifying treat-
ment. Digital devices, such as charge-coupled device (CCD)
and complementary metal oxide semiconductor (CMOS)
cameras, although undergoing rapid development in terms of
sensitivity and resolution in those years, were also used to
capture the faint luminescence of meteor trains. However,
the resolution of digital devices was lesser than that of 35
mm film at that time.

These observation techniques were evaluated during the
METRO campaign and were adjusted during the observation
period. For example, in 1998, a 4 s exposure using a 200 mm
lens was deemed acceptable, but in 2001 the use of a 1 s
exposure time and 400 mm telephoto lens was suggested.
Figure 1 shows an example of the photographic instrumenta-
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Fig. 1. An example of photographic camera with a 300 mm telepho-
to lens for meteor train imaging. A camera with a 300 mm
F=2.8 telephoto lens was equipped with another camera with
a 50 mm lens. The 300 mm telephoto lens was used for fine
imaging, whereas, the 50 mm one was available in determin-
ing the whole structures of meteor trains as well as the back-
ground constellation field. Synchronous timings of expo-
sures should be applied for the two-cameras system.

Fig. 2. An example of the video observation system for meteor train
imaging. It consisted of a 400 mm telephoto lens for 35 mm
film camera, a 1-inch I.I. (whose gain is 50,000 times), a
pair of relay lenses, and a 1/2-inch monochrome CCD video
camera. The I.I. was equipped at the focal plane of the 400
mm lens and output light was guided to the video CCD
using the relay lens system. The combined focal length was
about 550 mm. Recording media was a "Hi8" type analog
videotape. A fork type platform for vertical and horizontal
motions with free-stop capabilities was used.
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tion used. Time keeping within 1 s error was realized
through the use of time signals transmitted by short-wave
radio or determined using a global positioning system (GPS)
receiver.

2-2. Video imaging

Digital video imaging, while limited in spatial resolu-
tion, is effective for detecting the rapid motion of persistent
meteor trains. Compared with photographic imaging, digital
video imaging has the advantage that sequences of highly
fixed snapshots can be obtained easily at high temporal reso-
lution of 1/30 of a second per frame, as well as allowing for
extended recording times. Film imaging is limited in terms
of film length, which may be of particular concern when tak-
ing repeated images at short exposure times. Digital video is
also limited in terms of color sensitivity, which is lower than
for film except for highly integrated video cameras for pro-
fessional broadcasting (Tanioka et al. 2003). For example,
while bright meteor trains can be detected by a CCD video
camera, a video camera with an image intensifier (I.I.) is
able to detect the fine structure of faint train luminescence
more clearly. An example of a video system is shown in fig-
ure 2. A video monitor is typically used for quick and secure
aiming at the faint luminescence. Video recorders were sug-
gested to be in constant operation during observation in
order to detect the "flash" timing of fireball appearances and
thereby allow accurate times of observations to be success-
fully recorded. Time keeping for video imaging followed the
same procedure as for still imaging.

3. Results

The METRO campaign was widely announced to ama-
teur observers in Japan through astronomical news for the
general public, scientific workshops and meetings, and the
campaign website itself (Yamamoto et al. 1998). During the

5-year period of the METRO campaign for Leonids observa-
tion, a nationwide network of observers was successfully
established (Toda et al. 2003). The accuracy of meteor storm
prediction was also improved during this period by account-
ing for encounters with multiple dust trails (McNaught and
Asher 1999), making it possible to specify in detail the date
and time of observation. 

The image sequences reported in the 1998–2002 period
are listed in Table 1. In 1998, 5 trains were observed by 20
observers, including one bright and long-lasting persistent
train generated by a –8 magnitude fireball. In 1999, 7 trains
were reported by 7 observers, and in 2000, 2 trains were
photographed by 17 collaborators. In 2001, as predicted by
several researchers (e.g. Asher and McNaught 2000,
Lyytinen and Van Flandern 2000), a vigorous Leonid meteor
storm was observed over Japan (and also in East Asia),
resulting in the successful recording of 154 persistent trains
throughout Japan under the clear sky condition. In 2002,
according to the storm predictions in European and
American region (e.g. McNaught and Asher 2002,
Vaubaillon 2002), 10 observers including earnest observers
who visited Spain and the USA obtained 8 train results.

Examples of high-quality image sequences are displayed in
figures 3 to 5. Figure 3 shows sequences of fine color
images, figure 4 shows examples of sequences of grayscale
and middle-level color images, and examples of video
sequences are shown in figure 5. 

The 439 observations of Leonid persistent trains
obtained between 1998 and 2002 in Japan are listed in Table
1, showing the observation date and time, the observer, the
number of obtained images, the focal length f and F-number
of the lens used, the observation site (city or town, prefec-
ture), and the image sequence code. The example images
presented in this paper are only a small fraction of the vast
data set collected during the METRO campaign. The full set
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of image sequences will soon be available via the internet
(Yamamoto et al. 2005).

3-1.Code of image sequence

The observation code for each image is based on the
name of the parent meteor shower, the observation date and
time, the observer, and the photographic conditions.

(examples)
123456789012345678901234567 (column numbers)
L200111190116Btodamasa2MF01

(explanations)
column 01 : Name of the parent meteor shower ('L':Leonids)
column 02–13: Observation date and time:

02–05: Year (YYYY)
06–09: Month and day (MMDD)
10–13: Hour and minute (HHMM) as Japan

Standard Time (JST=UT+9h)
column 14 : Alphabetical order if multiple trains appeared

within one minute
column 15–22: Observer name code (8 characters)
column 23 : Camera number for each observer
column 24 : Type of color ('C' for color imaging, 'M' for

monochrome one)
column 25 : Type of camera ('F' for film, 'D' for digital

device (CCD or CMOS), and 'V' for video)
column 26–27: Image number of each sequence in 2 columns

3-2.Field of view of image

As the focal length and F-number of the objective lens
differed from observer to observer, the field of view (FOV)
will be different for each image. The FOV is proportional to
the focal length of the lens in relation to the film/chip size of
the camera. Typical focal lengths and corresponding fields of
view for 35 mm film cameras are listed in table 2. However,
as the field of view differs unpredictably between digital
devices, and because some of the images are cropped in fig-

ures 3 to 5, the field of view for each image sequence is
recorded with the image as 'FOV.'

3-3.Other parameters

The start time of each exposure is recorded with each
image as 'Ts', counted from the appearance of the parent fire-
ball. The exposure period for each snapshot is recorded as
'Exp', and the number of frames for video image integration
is recorded as 'Integ' (Integ = 30 corresponds to Exp = 1). As
the persistent trains diffused rapidly, images with short 'Ts'
and 'Exp' are very important for morphological study. Some
observers selected larger 'Exp' values near the end of their
observation sequences in order to obtain clear images of
faint long-lasting trains.

Focal length Field of view
(mm) (degrees)

50 39.0  x  26.0
85 25.3  x  17.0
105 19.5  x  13.0
135 15.1  x  10.1
200 10.3  x    6.8
300 6.5  x    4.3
400 5.2  x    3.4

Table 2. Field of view of typical lens for 35 mm film camera.
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Fig. 3-01. Image sequences No. 38, 39, and 40. All of the examples were simultaneously observed with each other and with all examples from
No. 38 to No. 57 (Train 30). The clear persistent meteor train was observed after a –8 magnitude fireball. Bluish color seen at upper
side of the train could be imaged only in the early stage of persistent trains.
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Fig. 3-02. Image sequences No. 41, 42, and 43. All of the examples were simultaneously observed with each other and with all examples from
No. 38 to No. 57 (Train 30). The image sequence of No. 41 observed by color HDTV for broadcasting use was appeared by courtesy
of NHK. A bright parent fireball of Train 30 was fortunately observed in the same FOV of the video file of No. 41.
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Fig. 3-03. Image sequences No. 78, 80, 81, and 82. All of the examples were simultaneously observed with each other and with all examples
from No. 78 to No. 94 (Train 42).
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Fig. 3-04. Image sequences No. 136 and 138. Both of the examples were simultaneously observed with each other and with all examples from
No. 136 to No. 164 (Train 58).
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Fig. 3-05. Image sequences No. 139 and 141. Both of the examples were simultaneously observed with each other and with all examples from
No. 136 to No. 164 (Train 58). Clear double-striation structure of persistent trains was clearly seen in the examples of No. 129.
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Fig. 3-06. Image sequences No. 142, 143, 144, and 145. All of the examples were simultaneously observed with each other and with all exam-
ples from No. 136 to No. 164 (Train 58). Accompanied small structure seen in image No. 145-01 was another train (Train 59).
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Fig. 3-07. Image sequences No. 199, 200, 201, 401, 403, and 404. The No. 199, 200, and 201 were simultaneously observed with each other
and with all examples from No. 199 to No. 208 (Train 75). The No. 401, 403, and 404 were also simultaneously observed with each
other and with No. 402 (Train 170).
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Fig. 3-08. Image sequences No. 413, 414, 416, and 471. The No. 413, 414, and 416 were simultaneously observed with each other and with all
examples from No. 413 to No. 421 (Train 175). The No. 471 was simultaneously observed with No. 472 and 473. Note that the No.
471 was observed in Arizona, USA (LT=UT–7h=JST–16h).
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Fig. 4-01. Image sequences No. 44, 45, 46, 47, and 48. All of the examples were simultaneously observed with each other and with all exam-
ples from No. 38 to No. 57 (Train 30).
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Fig. 4-02. Image sequences No. 49, 50, 51, 59, and 60. The No. 49, 50, 51 were simultaneously observed with each other and with all exam-
ples from No. 38 to No. 57 (Train 30). The No. 59 and 60 were simultaneously observed with each other and with No. 61 and 62
(Train 32).
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Fig. 4-03. Image sequences No. 66, 67, 68, 70, and 71. The No. 66, 67, and 68 were simultaneously observed with each other (Train 35),
whereas, a simultaneous observation was established among the No.70, 71, and 72 (Train 37).
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Fig. 4-04. Image sequences No. 73, 75, 76, 83, and 84. The No. 75 and 76 were simultaneously observed with each other (Train 40), whereas,
a simultaneous observation was established from No. 78 to 94 including the No. 83 and 84.
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Fig. 4-05. Image sequences No. 79, 85, 86, 87, and 88. All of the examples were simultaneously observed with each other and with all exam-
ples from No. 78 to No. 94 (Train 42).
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Fig. 4-06. Image sequences No.89, 90, 91, 92, 93, and 94. All of the examples were simultaneously observed with each other and with all
examples from No. 78 to No. 94 (Train 42).
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Fig. 4-07. Image sequences No. 95, 96, 98, 100, and 101. The No. 95 and 96 were simultaneously observed with each other (Train 43), where-
as, a simultaneous observation was established among the No.100, 101, and 102 (Train 46).
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Fig. 4-08. Image sequences No. 103, 105, 107, and 109. The No. 105 and 107 were simultaneously observed with each other and with No. 106
and 108 (Train 48).
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Fig. 4-09. Image sequences No.113, 114, 115, 116, and 118. All of the examples were simultaneously observed with each other and with No.
117 and 119 (Train 51).
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Fig. 4-10. Image sequences No. 120, 121, 122, 123, and 124. All of the examples except the No. 120 were simultaneously observed with each
other and with all examples from No. 121 to No. 130 (Train 53).
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Fig. 4-11. Image sequences No. 125, 126, 128, 129, and 130. All of the examples were simultaneously observed with each other and with all
examples from No. 121 to No. 130 (Train 53).
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Fig. 4-12. Image sequences No. 137, 146, 147, 148, and 149. All of the examples were simultaneously observed with each other and with all
examples from No. 136 to No. 164 (Train 58). The No. 137 taken by 400 mm telephoto lens was the finest image sequence during
the period 1998–2002.
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Fig. 4-13. Image sequences No. 150, 151, 152, 153, and 154. All of the examples were simultaneously observed with each other and with all
examples from No. 136 to No. 164 (Train 58).
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Fig. 4-14. Image sequences No. 155, 157, 158, 159, 165, and 167. The No. 155, 157, 158, and 159 were simultaneously observed with each
other and with all examples from No. 136 to No. 164 (Train 58). The No. 165 and 167 were also simultaneously observed with each
other and with all examples from No. 165 to No. 172 (Train 59). Train 59 was observed just after the appearance of the brightest
train (Train 58) in the same FOV.
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Fig. 4-15. Image sequences No. 173, 177, 178, 180, and 181. The No. 178, 180, and 181 were simultaneously observed with each other and
with No. 179 and 182 (Train 63).
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Fig. 4-16. Image sequences No. 187, 188, 196, and 197.
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Fig. 4-17. Image sequences No. 202, 203, 204, 205, and 206. All of the examples were simultaneously observed with each other and with all
examples from No. 199 to No. 208 (Train 75).
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Fig. 4-18. Image sequences No. 210, 211, 214, and 215. The No. 210 and 211 were simultaneously observed with each other and with No. 212
and 213 (Train 77), whereas, a simultaneous observation was established among the No.214, 215, 216, and 217 (Train 78).
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Fig. 4-19. Image sequences No. 218, 219, 220, 223, and 224. The No. 218, 219, and 220 were simultaneously observed with each other and
with No. 221 and No. 222 (Train 79).

02本文  05.6.6  5:12 PM  ページ102



Catalogue of Persistent Trains II: Images of Leonid Meteor Trains during the METRO campaign 1998–2002 103

Fig. 4-20. Image sequences No. 227, 228, 230, 231, and 232. The No. 228 and 230 were simultaneously observed with each other and with No.
229 (Train 84). The No. 231 and 232 were also simultaneously observed with each other from one observational site.
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Fig. 4-21. Image sequences No. 233, 239, 240, 242, and 244. All of the examples except the No. 233 were simultaneously observed with each
other and with all examples from No. 239 to No. 245 (Train 91).
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Fig. 4-22. Image sequences No. 238, 246, 247, 249, and 251. The No. 246, 247, and 249 were simultaneously observed with each other and
with No. 248 (Train 92). No. 251 was observed besides the radiant of Leonids.
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Fig. 4-23. Image sequences No. 254, 256, 257, 258, 262, and 264. The No. 257 and 258 were simultaneously observed with each other and
with No. 259 (Train 99).
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Fig. 4-24. Image sequences No. 265, 267, 268, and 270. All of the examples except the No. 265 were simultaneously observed with each other
and with No. 269 (Train 104).
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Fig. 4-25. Image sequences No. 273, 275, 278, 280, 283, and 287. The No. 273 and 275 were simultaneously observed with each other and
with No. 274 (Train 107). The No. 278 and 280 were also simultaneously observed with each other with all examples from No. 278
to No. 282 (Train 109).
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Fig. 4-26. Image sequences No. 302, 304, 305, 311, 314, and 315. The No. 304 and 305 were simultaneously observed with each other and
with No. 306 and 307 (Train 124). The No. 314 and 315 were also simultaneously observed with each other and with all examples
from No. 314 to No. 319 (Train 130).
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Fig. 4-27. Image sequences No. 316, 318, 319, 329, 331, and 332. The No. 316 and 318 were simultaneously observed with each other and
with all examples from No. 314 to No. 319 (Train 130). The No. 331 and 332 were also simultaneously observed with each other
and with all examples from No. 331 to No. 335 (Train 138).
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Fig. 4-28. Image sequences No. 333, 334, 335, and 339. All of the examples except the No. 339 were simultaneously observed with each other
and with No. 331 and 332 (Train 138).
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Fig. 4-29. Image sequences No. 340, 341, 344, 346, 348, and 349. The No. 340 and 341 were simultaneously observed with each other and
with No. 342 and 343 (Train 141).
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Fig. 4-30. Image sequences No. 360, 362, 363, 364, 365, and 366. All of the examples were simultaneously observed with each other and with
No. 361 and 367 (Train 153).
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Fig. 4-31. Image sequences No. 377, 378, 380, 381, and 397. The No. 377 and 378 were simultaneously observed with each other and with No.
379 (Train 159). The No. 380 and 381 were also simultaneously observed with each other and with No. 382 (Train 160).
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Fig. 4-32. Image sequences No.383, 384, 385, 411, 412, and 417. The No. 383, 384, and 385 were simultaneously observed with each other
and with all examples from No. 383 to No. 388 (Train 161). The No. 411 and 412 were also simultaneously observed with each
other (Train 174). Train 417 is one of the simultaneous observations for Train 175.
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Fig. 4-33. Image sequences No.430, 432, 435, 436, 437, and 448. The No. 430 and 432 were simultaneously observed with each other and
with No. 431 (Train 180). The No. 436 and 437 were also simultaneously observed with each other and with No. 438 (Train 183).
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Fig. 4-34. Image sequences No.463, 466, 467, and 475. The No. 466 and 467 were simultaneously observed with each other and with No. 468
and 469 (Train 200). Note that the No. 463, 466, and 467 were observed in Canary islands, Spain (LT=UT=JST–9h).
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Fig. 4-35. Image sequences No. 470, 472, 473, and 474. The No. 472 and 473 were simultaneously observed with each other and with No. 471
(Train 202). Note that all of the examples were observed in Arizona or California, USA (LT=UT–7h=JST–16h).
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Fig. 5-01. Image sequences No. 52, 53, and 62. The No. 52 and 53 were simultaneously observed with each other and with all examples from
No. 38 to No. 57 (Train 30).
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Fig. 5-02. Image sequences No. 102, 110, and 134. The No. 102 was simultaneously observed with No.100 and 101 (Train 46).
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Fig. 5-03. Image sequences No. 160, 161, and 183. The No. 160 and 161 were simultaneously observed with each other and with all examples
from No. 136 to No. 164 (Train 58). The train 58 was observed continuously for about 1 hour.
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Fig. 5-04. Image sequences No. 195, 207, and 208. The No. 207 and 208 were simultaneously observed with each other and with all examples
from No. 199 to No. 208 (Train 75).
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Fig. 5-05. Image sequences No. 212, 222, 235, and 250. A bright parent fireball of Train 77 was fortunately observed in the same FOV of the
video file of No. 212.
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Fig. 5-06. Image sequences No. 263, 276, and 288.
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Fig. 5-07. Image sequences No. 294, 303, and 330. A "Mesh" structure was clearly observed in the later part of image sequence No. 330.
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Fig. 5-08. Image sequences No. 342, 350, and 354. The No. 342 was simultaneously observed with No. 340, 341, and 343 (Train 141).
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Fig. 5-09. Image sequences No. 371 and 426.
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Fig. 5-10. Image sequences No. 418, 419, 465, and 468. The No. 418 and 419 were simultaneously observed with each other and with all
examples from No. 413 to No. 421 (Train 175). The No. 468 was simultaneously observed with No. 466, 467, and 469 (Train 200).
Note that the No. 465 and 468 were observed in Canary islands, Spain (LT=UT=JST–9h).
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4. Discussion

Each historical perihelion passage of the comet
55P/Tempel-Tuttle has generated Leonid meteor storms on
the Earth, and the high incidence velocity of the Leonids
results in the frequent appearance of very bright fireballs.
Hence, the generation rate of persistent meteor trains during
Leonid storms is considered to be much higher than during
other meteor showers. The five-year period following the
most recent perihelion passage of the comet Tempel-Tuttle
in 1998 therefore represented a rare opportunity to obtain
valuable data regarding persistent meteor trains. The con-
certed observation plan implemented during the METRO
campaign resulted in the establishment of reliable observa-
tion techniques for obtaining high-quality images of persis-
tent meteor trains, and has led to the collection of a statisti-
cally sufficient number of persistent train images.

Vast numbers of images were successfully collected by
the METRO campaign because many amateur observers
were voluntarily contributed to the observation campaign.
However, much time was needed for data collection as well
as much effort was required for one-by-one confirmation of
complete datasets for each observation. Another difficulty
during the surprising outburst of Leonid's persistent trains in
2001 was in the identification process of multiple persistent
trains observed within one minutes.

From the vast numbers of persistent train images
obtained in 2001, the hourly rate (HR) of photographed per-
sistent trains could be investigated in comparison with the
HR of observed parent fireballs. As was shown in Table 1,
significant number of persistent trains were continuously
observed for a few hours even after the storm peak at around
18:10 UT on Nov. 18, 2001. The circumstance is worth dis-
cussing because the numbers of persistent trains might natu-
rally be in correlation with those of observed meteors. In fig-
ure 6, the HR trend of photographed persistent trains is plot-
ted in comparison with the visual observation of Leonids in

2001 (Uchiyama 2004, private communication). Although
the CHR trend for all meteors clearly decreased just after the
peak time, no clear decrease of bright meteors was con-
firmed. The HR trend of persistent trains correlated not with
the CHR trend of all meteors but with the HR trend of bright
meteors. Appearance probability of persistent trains per
bright meteors (–2 mag. or brighter) was derived to be about
20 %.

Ogawa and Uchiyama (2001) studied the ZHR value
per magnitude class for corresponding visual observation
data and concluded that the ZHRs per magnitude class for –2
magnitude or brighter were almost constant at around the
peak time. Another statistical study of the Leonids in 2001
also suggested that the effect of 9th revolution dust trail indi-
cated no symmetric trend (Uchiyama 2002). Lyytinen and
Van Flandern (2000) predicted dust trails of 10th and 11th
revolutions would slightly effective in background activity
of Leonids at around 19:10 UT on Nov. 18, 2001. The long-
lasting fireball storm with vast numbers of persistent trains
suggested a possible encounters to old dust trails as an
exceptional source of fireballs.

A morphological study of Leonid's persistent trains by
using 102 series of fine image examples obtained in 2001
was summarized by Higa et al. (2003). Large-scale struc-
tures of persistent trains were classified into two types: 66
(64.7 %) single-striation trains and 36 (35.3 %) double-stria-
tion ones. Typical single-striation train is Train 30 (e.g. Fig.
3-01) and double-striation one is Train 58 (e.g. Fig. 3-05),
for example. Tiny structures of persistent trains were classi-
fied into 3 categories: 75 (73.5 %) examples of knot struc-
tures, 21 (20.6 %) spiral structures, and 6 (5.9 %) mesh
structures. Typical spiral structure is shown in image
sequence No. 205 (Figure 4-17) and mesh structure is indi-
cated in sequence No. 330 (Fig. 5-07), whereas knot struc-
tures are frequently seen in many image sequences. These
tiny structures are considered to be formed by turbulent dif-
fusion process of dense train plasma in upper atmosphere.

The METRO campaign for imaging Leonid meteor
trains was promoted during the 1998–2002 period (Toda et
al. 2003) and involved the distribution of a campaign manu-
al. The collaborating amateur observers appeared eager to
incorporate the proposed observation techniques, and a large
number of persistent trains were successfully imaged by
amateur observers using their own equipment and the tech-
niques suggested. These earnest collaborators undertook
these observations positively and voluntarily, and were
happy to provide their results to the organizers of the
METRO campaign. With the recent expansion of computer
access, the organizers were able to maintain close correspon-
dence with the collaborators through electronic mailing lists,
allowing the observation techniques to be discussed. The
success of the METRO campaign again demonstrates the
eagerness and skill of amateur Japanese observers. It is con-
sidered that providing scientifically interesting and observ-
able targets with clear objectives, suitable observation manu-
als, and comprehensive reports in scientific meetings, are the
keys to securing the motivation of collaborators. The
METRO campaign can thus be identified as a "social partici-
pation science," that is, groundbreaking science that can be

Fig. 6. Hourly rate (HR) of photographed persistent trains at around
the Leonid storm peak in 2001. The HR data of persistent
trains was obtained by one observer (S. Suzuki) who report-
ed the maximum numbers of persistent train images in all
collaborators. The HR and CHR distributions for Leonid
meteors were provided by Uchiyama (2004, private commu-
nication) on the basis of his statistical study of Japanese
visual observation in 2001.
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undertaken using the motivation and skills of highly educat-
ed people living in an advanced information society. It is
expected in the near future that the development of scientific
studies in collaboration with the general public will emerge
in many scientific fields.

5. Conclusion

Collaboration with many skillful amateur observers for
the imaging of persistent meteor trains during the 1998–2002
Leonids perihelion event was successfully achieved through
the promotion of the METRO campaign in Japan. The pro-
gram resulted in the collection of 439 image sequences of
Leonid meteor trains including multiple-site observations.
This data set has led to the first statistical analysis of the
morphology of persistent meteor trains. For example, a
three-dimensional analysis of multiple-site observation
results has clearly revealed the large-scale spiral structures
of persistent trains (Yamamoto et al. 2003), and the statisti-
cal study of persistent train morphology has now been well
established (Higa et al. 2003). Detailed analyses using the 53
examples of multiple-site observations will be carried out in
the near future, through which the detailed three-dimensional
structure of the persistent meteor trains is expected to be
revealed.

Image data recorded in two parts on this catalogue will
be stored to future generations. The catalogue of persistent
train images may prove to be invaluable, because although
the period of the comet Tempel-Tuttle is relatively short (33
years), not every perihelion return of the parent comet will
generate meteor storms with many persistent meteor trains.
Thus the image catalogue is recorded for reference and will
be beneficial for researchers in future generations.
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