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Abstract. A reference catalogue of 373 well-defined high-speed plasma streams identified in the
solar wind measurements from 1985 to 1996 is reported. The data base for this study is the interplan-
etary plasma/magnetic field data compilation made available by the NSSDC/WDC-A for rockets and
satellites (NASA/GSFC-Greenbelt). The main characteristics of those streams, such as the beginning
time, the duration, the origin of them (corotating or flare-generated), the interplanetary magnetic field
polarity (Stanford magnetic field), are given in the catalogue.

The long-term variation in the occurrence rate of high-speed streams shows interesting dif-
ferences between even and odd solar cycles when catalogues for solar cycles 20, 21, and 22 are
considered together. Hence, this catalogue, extended now over three solar cycles, should be useful
for studies connected with solar-interplanetary or solar-terrestrial phenomena, and to clarify solar
activity in time.

1. Introduction

It is known, one of the most dynamical interplanetary phenomena of solar terres-
trial physics is definitely the passage of solar wind streams near the Earth envi-
ronment. Previous studies of various aspects of the solar wind velocity variability
with time in the ecliptic plane revealed a solar wind tendency to be organized as
stream structures (e.g., Burlaga, 1974, 1979; Intrilligator, 1977; ktcal, 1979;
Toptygin, 1985, among others). In particular, the characteristics and the long-term
variations in the occurrence rate of high-speed streams for solar cycles 20 and
21 have been studied by Lindblad and Lundstedt (1981) and Mavromichalaki,
Vassilaki, and Marmatsouri (1988). Reference catalogues of high-speed solar wind
streams observed near the Earth have been produced, considering two possible
solar sources: coronal holes and active regions emitting solar flares.

A new updated reference catalogue of high-speed solar wind streams up to De-
cember 1996 (solar cycle 22) is provided in this work. This catalogue, apart from
the main characteristics of the solar wind streams, contains the dominant polarity
of the interplanetary magnetic field (either away or toward the Sun) for the stream
duration. Cases where a sector boundary crossiig-(or —/+) was embedded
in the solar wind streams are also included. The above are very useful for the
study of the solar wind stream distribution as a function of Bartels rotation days for
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various categories and for a comparison with the earlier epoch studied by Lindblad
(1981) and Rangarajan and Mavromichalaki (1989). Moreover, an attempt is made
to investigate, in comparison between them, the main characteristics of the fast
streams identified during cycles 20, 21, and 22, suggesting that an 11-yr variation
is observed in the occurrence rate of the corotating streams as well as of the flare
generated streams.

2. Determination of Fast Solar-Wind Streams

In studies concerning the stream occurrence, various definitions for a high-speed
stream have been used. As for example Intrilligator (1977) defines a high-speed
stream as one having a rapidly rising increase in solar wind speed and a peak ve-
locity greater than or equal to 450 km'sVenkatesan, Shukla, and Agrawal (1982)
define a high-speed solar wind stream as one having a rapidly rising increase in the
solar wind speedy() over a short periodAV > 200 km s in <24 hr) reaching

a maximum value 0f550 km s and remaining at high values for at least 3 days
after the increase.

In a previous contribution (Mavromichalaki, Vassilaki, and Marmatsouri, 1988)
as well as in the present one, we define a high-speed solar wind stream as a period
in which the differenceA Vihax between the maximum daily mean speéé,£)
and the mean value between the speeds immediately preceding and following the
stream ) is greater or equal to 100 knT% lasting for at least two days (lucci
et al,, 1979), considering this definition for a fast-stream as more adequate for the
purpose of solar-terrestrial studies. The velocity profile as well as other plasma
and field data for the dates of largeVax were studied by visual inspection of
the intensity versus time plots published in theerplanetary Medium Data Book
(Couzens and King, 1986; King, 1989; King and Papitashvili, 1994; Mathews and
Papitashvili, 1998). The differeneeV,,ox Was computed for the solar wind streams
observed during the period January 1985 to December 1996. In order to fill out
several data gaps, observations of the solar wind speed spacecraft data published
in the monthly issues of th8olar Geophysical DatédNOAA/WDC-A, Boulder)
were used.

Apart from these characteristics of the streams, we have classified them into
two types: the corotating streams (CS) and the flare-generated streams (FGS).

The basic physical features of the corotating high-speed streams with respect to
the most important interplanetary parameters are the following:

(a) The proton density:{ rises to unusually high values near the leading edges
of the streams.

(b) The interplanetary magnetic fiel®) magnitude is proportional to bulk
speed with a constant polarity throughout the stream except for some fluctuations
lasting a few hours.
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(c) The proton temperaturd’] varies in a pattern similar to that of the flow
speed.

On the other side, the behaviour of interplanetary parameters during flare-
generated streams has a tendency to be irregular. Generally we can say that:

(@) All the interplanetary parameters show simultaneous increases, possibly
denoting radially outcoming fast shocks.

(b) The bulk speed, the proton density and magnetic field magnitude show large
fluctuations in the maximum speed period, while the field polarity often shows
inversions.

(c) The proton temperature behaviour tends to divert from speed behaviour.

Moreover, we can suggest that the corotating streams are emitted by coronal
holes and are associated with simple decreases of cosmic rays recorded at ground
based stations, whereas the flare generated streams seem to be associated with
strong active regions emitting solar flares and producing Forbush decreases at the
Earth (lucciet al, 1979; Mavromichalaki, Vassilaki, and Marmatsouri, 1988).

A typical example of these two types of high-speed streams is given in Fig-
ure 1. It is noted that the behaviour pattern of interplanetary parameters during
the corotating stream of August 1988 is clearly different from that during the flare-
generated stream of October 1988. Based on the above considerations we produced
an up-to-date catalogue of high-speed streams recorded near the Earth during the
period 1985-1996 as a continuation of the previous one (Mavromichalaki, Vassi-
laki, and Marmatsouri, 1988). In this table the first three columns give the year,
month, and day, respectively, of the beginning time of a high-speed stream, defined
as the 3 hr interval of the smallest speed value of the given day. The fourth and
fifth columns list the Bartels rotation (number and day) corresponding to the first
day of the stream. In the sixth column the dominant polarity of the interplanetary
magnetic field for the duration of the stream (Lindblad, 1981) is presented. The fol-
lowing three columns give the day, month, and hour, respectively, of the maximum
speed appearance (FDMA). The tenth and eleventh columns give the mean value
(Vo) between the speeds immediately preceding and following the stream and the
maximum daily mean speed{.y), respectively. The next one gives the duration
(DUR) of the high-speed stream in days. Finally, the last column indicates the type
of the high-speed plasma stream.

3. Features of the High-Speed Streams

In this work we tried to emphasise well-defined streams. A stream was listed only if
the data coverage was reasonably complete. Each stream appearance is listed sep-
arately, regardless of whether or not it is member of a recurrent series. In Table | a
total of 373 individual high-speed streams are reported, where a total of 287 (77%)
corotating streams and a total of 86 (23%) flare generated streams are found. It is
noteworthy that the number of corotating streams is much greater than the number
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TABLE |

A catalogue of high-speed solar-wind streams for the years 1985—-1996 giving in each
column:

— the year, month and day of the beginning time of a high-speed stream;

— the Bartels rotation (number and day) of the first day of the stream;

— the interplanetary magnetic field polarity for the stream;

— the day, month and hour of the maximum speed appearance (FMDA);

— the mean valuelp) between the speeds immediately preceding and following the
stream;

— the maximum daily mean speeth{ax);

— the duration (Dur.); and

— the type of the high-speed stream (CS or FGS)

Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type

No. D D M Hr (days)
850107 206915 — 110112 425 677 10 CSs
850127 207009 + 280111 370 508 04 CsS
850206 207019 + 070212 500 729 04 Cs
850210 207022 + 110201 550 712 03 CsS
850216 207103 — 170211 350 485 05 Cs
850224 207110 + 250220 340 440 02 CsS
850302 207116 + 020310 550 655 03 Cs
850305 207119 +/— 070324 430 671 06 CsS
850314 207201 + 150317 343 500 09 CS
850327 207214 —/+ 020409 304 750 10 CsS
850409 207327 +/— 100418 392 599 04 CsS
850425 207316 —/+ 260411 520 684 02 Cs
850504 207325 — 050508 360 520 05 CsS
850515 207410 + 160521 315 440 04 Cs
850528 207422 —/+ 290503 307 468 03 CsS
850531 207425 +/— 010607 317 465 05 Cs
850624 207522 +/— 270605 355 621 03 Cs
850627 207525 +/— 280620 460 684 04 Cs
850701 207602 —/+ 070710 450 707 10 FGS
850717 207618 —/+ 180710 337 500 05 CS
850723 207623 + 260706 455 606 04 CsS
850730 207704 —/+ 010820 337 644 07 CsS
850812 207717 — 130810 325 644 05 Cs
850818 2077 22 + 180822 340 554 03 Cs
850825 207802 + 280817 450 736 07 Cs
850908 207816 — 100907 315 503 06 CsS
850919 207901 +/— 210908 500 694 04 Cs
850923 207905 —/+ 250911 500 629 04 Cs

851005 207916 — 061013 325 705 06 CS
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TABLE |
Continued
Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type
No. D D M Hr (days)
851017 2080 02 — 191010 467 716 04 CSs
851102 208018 — 031113 385 619 Cs
851109 208025 + 091117 500 670 02 Cs
851112 208101 +/— 151115 440 701 Cs
851126 208115 +/— 271123 300 493 03 CS
851203 208122 — 051202 553 02 Cs
851209 208201 +/— 101224 355 716 Cs
851218 208210 —/+ 191220 458 04 Cs
851230 208222 — 020108 600 748 05 Cs
860125 208316 —/+ 280110 450 794 07 Cs
860206 208405 + 090207 350 926 08 CsS
860220 208419 + 230220 450 790 08 Cs
860306 208506 — 090304 375 696 04 CsS
860317 208517 + 190303 380 532 02 Cs
860321 208521 —/+ 230303 385 647 05 CsS
860326 208527 270315 387 679 04 Cs
860331 2086 05 + 040401 400 539 Cs
860422 2086 27 + 240410 400 615 05 Cs
8604 27 2087 05 + 290415 350 513 Cs
860530 208810 — 010605 360 533 06 CSs
86 0627 208912 —/+ 010701 337 572 06 FGS
860724 209011 +/— 260704 380 728 08 FGS
860803 2090 22 +/— 040815 420 627 05 Cs
860812 209104 + 130813 338 514 05 CsS
860820 209111 325 Cs
860828 209120 +/— 300802 565 781 05 Cs
860911 209206 —/+ 120922 375 596 04 FGS
860915 209210 200910 425 697 08 Cs
860923 209218 +/— 250913 435 743 08 CsS
861005 209303 —/+ 061011 400 565 04 Cs
86 1013 209308 + 151004 440 683 04 CSs
861018 209316 + 191010 400 684 09 Cs
86 1028 2093 27 +/— 291007 350 498 04 Cs
861101 209405 Cs
861110 209413 + 121106 365 504 03 CsS
861115 209418 161102 350 541 07 Cs
86 1123 2094 26 +/— 241105 355 519 05 FGS
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TABLE |
Continued
Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type
No. D D M Hr (days)
861221 2095 27 +/— 231216 375 583 09 CS
861231 2096 09 020118 330 432 05 Cs
870128 209711 —/+ 290101 380 521 03 Cs
870206 2097 19 —/+ 080223 360 572 05 Cs
870220 2098 06 —/+ 200215 365 652 07 Cs
870304 209818 —/+ 070315 410 612 07 Cs
870318 2099 06 + 190308 410 568 03 Cs
870321 2099 08 —/+ 220324 350 684 11 CS
870404 2099 23 + 040405 300 409 FGS
870410 210002 +/— 100410 330 457 03 Cs
870509 210103 + 090515 335 443 04 CsS
870522 210117 — 240523 300 432 08 Cs
870601 210127 + 020616 350 494 04 CsS
870611 210209 +/— 130605 350 518 04 Cs
870625 210223 +/— 260613 315 489 03 CsS
870707 210309 —/+ 080713 345 457 05 Cs
870716 210316 + 200711 340 511 08 Cs
870804 210410 +/— 050803 355 486 04 CsS
870809 210414 +/— 140818 355 692 11 Cs
870826 210504 —/+ 260814 400 560 04 Cs
870831 210509 — 010916 400 675 05 Cs
870907 210516 +/— 080905 385 618 03 Cs
870910 210519 +/— 140902 350 730 Cs
870925 2106 07 —/+ 260901 355 475 02 FGS
871007 2106 20 —/+ 071024 335 459 03 CS
871013 2106 26 + 151014 350 783 09 Cs
871023 2107 06 — 281008 345 704 10 Cs
871102 210718 —/+ 031121 360 504 06 FGS
871109 210720 + 131110 385 695 08 Cs
871111 210801 + 131110 425 695 06 CS
871123 210812 — 241124 380 608 04 FGS
871205 210824 + 061208 370 618 04 Cs
871210 210902 +/— 101224 325 692 11 FGS
871221 210914 — 221217 350 450 02 Cs
880101 210925 —/+ 020120 300 477 03 Cs
880113 211009 +/— 140108 340 732 06 FGS
880206 211107 —/+ 060214 330 472 03 Cs
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TABLE |
Continued
Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type
No. D D M Hr (days)

880212 211113 130201 400 509 Cs
880222 211123 — 220217 370 491 04 Cs
880303 211206 —/+ 040317 335 473 04 Cs
880307 211210 + 150301 325 631 13 CsS
880409 211316 + 100413 420 618 03 Cs
880422 211402 — 230420 330 529 04 Cs
880506 211416 +/— 060509 350 666 07 CsS
880516 211503 + 220501 325 503 07 Cs
880529 211512 + 310508 325 454 06 FGS
880614 211601 +/— 150619 365 439 03 Cs
880629 211616 010704 325 640 08 FGS
880720 211710 — 210708 425 594 03 FGS
880813 211808 — 150811 450 658 03 CsS
880820 211814 250820 390 700 10 Cs
880831 211825 — 010913 375 596 03 FGS
880910 211908 +/— 110916 300 538 05 FGS
880919 211917 + 200911 597 07 FGS
880926 211927 + 260924 407 513 03 Cs
881004 212005 +/— 061002 290 563 04 FGS
881015 212016 191008 300 729 09 Cs
881026 212102 — 281021 397 492 05 Cs
881030 212104 + 311014 300 433 02 CsS
881102 212107 + 031104 340 532 06 Cs
881112 212117 — 151118 370 610 09 CsS
881125 212203 + 271116 350 494 03 CS
881203 212211 — 041202 524 07 Cs
881217 212225 + 181205 500 833 07 Cs
881228 212309 + 291221 400 727 07 Cs
890110 212323 —/+ 110121 744 05 FGS
890114 212325 + 150121 425 713 04 Cs
890123 212408 — 240102 678 07 Cs
890204 212420 — 050210 694 08 Cs
890219 212508 + 200215 420 577 04 Cs
890301 212519 — 030310 435 618 02 Cs
890304 212521 — 060311 440 664 05 CsS
890308 212525 —/+ 080319 400 551 FGS
890314 212604 + 190312 880 04 FGS

187



188

H. MAVROMICHALAKI AND A. VASSILAKI

TABLE |
Continued
Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type
No. D D M Hr (days)

890327 212617 — 010411 420 765 08 Cs
890408 212702 +/— 090406 330 503 04 Cs
890424 212717 290406 360 686 07 FGS
890504 212801 050508 410 612 03 Cs
890507 212804 080501 364 514 05 Cs
890523 212818 240503 400 712 FGS
890613 212914 — 130622 375 550 03 FGS
890706 213010 —/+ 070708 380 510 04 Cs
890814 213121 — 150807 405 672 03 FGS
890817 213125 —/+ 180815 485 671 02 FGS
890826 213207 + 270823 330 517 08 FGS
890908 213220 —/+ 080908 495 Cs
890920 213305 — 220913 340 508 03 CsS
891008 213323 + 101002 390 622 05 Cs
891018 213406 — 211002 345 916 FGS
891029 213417 + 301012 430 635 03 Cs
891108 213427 + 091108 330 675 08 FGS
891121 213513 —/+ 211114 525 Cs
891127 213518 + 281123 350 739 FGS
891207 213602 + 081212 400 532 03 CSs
891216 213611 + 171213 365 498 03 CS
891221 213616 231219 390 516 05 FGS
891229 213624 +/— 291221 500 740 03 FGS
900103 213702 +/— 050119 450 639 03 FGS
900123 213721 — 240107 520 748 05 Cs
900129 213801 — 290122 370 507 Cs
900204 213807 —/+ 050209 380 665 06 Cs
900222 213825 — 230218 410 611 03 Cs
900301 213905 —/+ 020306 546 04 Cs
900305 213909 +/— 060309 380 493 03 Cs
900318 213922 — 180321 315 501 02 FGS
900320 213924 — 210312 365 623 04 Cs
900330 214006 + 300324 370 616 04 Cs
900412 214019 — 120414 350 757 05 FGS
900422 214103 — 240414 365 521 05 CsS
900504 214115 + 050513 525 03 Cs
900510 214121 100512 345 526 FGS
900519 2142083 — 210523 400 551 04 Cs
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TABLE |
Continued

Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type

No. D D M Hr (days)

900529 214213 +/— 300522 340 594 05 Cs
900612 214227 + 170606 350 732 05 FGS
900719 214410 +/— 200724 400 552 05 Cs
900801 214422 +/— 010818 335 609 05 CS
900806 214501 070803 350 481 Cs
900814 214509 —/+ 160816 400 699 06 Cs
900826 214520 +/— 260809 460 785 04 CS
900830 214525 —/+ 310802 400 572 02 Cs
900911 214610 - 120902 390 551 03 CS
900920 214619 - 210915 378 482 05 FGS
901002 214704 + 041019 330 542 07 CS
901009 214711 101008 360 493 04 CSs
901019 214721 —/4+ 201022 345 482 03 CS
901029 214804 —/+ 311018 385 603 06 Cs
901111 214817 + 121107 375 497 03 FGS
90 1127 214905 +/— 281127 330 579 03 CS
901204 214913 - 051211 350 499 04 Cs
910125 215111 +/— 260114 390 559 04 CS
910210 215127 — 110223 350 459 02 Cs
910220 215110 + 230216 300 546 06 CS
910314 215221 - 090324 330 568 06 FGS
910402 215306 —/4+ 030412 340 666 05 FGS
910411 215406 + 120421 310 426 04 CS
910424 215419 —/+ 240424 375 521 03 FGS
910521 215519 +/— 230515 335 538 06 FGS
910531 215602 —/4+ 010606 465 665 04 FGS
910604 2156 06 050601 415 710 02 FGS
910625 2156 27 +/— 250624 530 678 05 Cs
910708 2157 13 - 090706 400 731 03 CS
910722 215727 230703 495 625 05 FGS
910801 215810 —-/4+ 030821 330 731 07 CS
910814 215822 160804 480 843 04 Cs
910818 2158 27 + 180823 520 748 03 FGS
910827 215909 - 270824 345 468 03 Cs
910830 215912 - 010922 365 661 06 CS
910908 215920 —/+ 130924 340 582 08 Cs
910925 216011 - 270910 330 547 06 FGS

911006 216021 +/— 071014 430 757 05 CS
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TABLE |
Continued
Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type
No. D D M Hr (days)

911027 216116 +/— 281016 525 994 04 FGS
911031 216120 +/— 311024 525 936 03 FGS
911103 216123 031112 500 757 Cs
911114 216207 + 151113 340 540 02 FGS
911121 216214 —/+ 221108 420 771 07 Cs
911202 216125 —/+ 041224 350 587 05 CS
911209 216304 —/+ 111224 340 556 06 CsS
911216 216312 171219 385 633 04 Cs
911220 216316 + 211213 343 700 05 Cs
920114 216414 +/— 160124 365 744 07 Cs
920208 216512 080216 350 595 05 FGS
920221 216525 200223 355 507 03 Cs
920308 2166 14 + 090301 345 05 Cs
920317 2166 22 + 170320 365 576 03 FGS
920403 216712 070414 340 635 08 Cs
920509 216821 090524 320 887 04 FGS
920519 2169 05 — 200514 300 420 03 Cs
920522 216908 220506 305 456 FGS
920529 216915 —/+ 300505 420 768 06 Cs
920610 2169 27 120617 310 493 06 FGS
920624 217013 —/+ 250601 430 687 04 Cs
920722 217114 —/+ 230702 340 681 03 FGS
920730 217123 + 010805 345 498 05 FGS
920815 217212 +/— 160814 335 476 04 Cs
920909 217310 — 090905 385 589 05 FGS
920917 217318 + 190914 400 609 06 Cs
921013 217417 +/— 151001 400 775 06 Cs
921026 217503 — 271010 400 568 02 FGS
921102 217508 400 03 FGS
921109 217516 + 111123 440 687 07 Cs
921122 217603 —/+ 231109 315 469 06 Cs
921207 217617 +/— 091218 345 754 04 Cs
930101 217716 —/+ 040120 420 792 08 Cs
930113 217801 —/+ 150124 400 603 05 CS
930124 217812 —/+ 250124 335 629 06 Cs
930206 217825 — 080224 415 706 04 CS
930220 217912 + 210224 397 764 05 Cs
930228 217919 030309 355 568 06 FGS
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TABLE |
Continued
Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type
No. D D M Hr (days)
930308 218001 090308 370 680 04 Cs
930321 218014 + 210317 420 721 03 Cs
930408 218105 100409 440 574 04 Cs
930412 218109 +/— 130419 380 593 04 Cs
930419 218116 + 210414 435 701 06 Cs
930506 218206 —/+ 090521 335 749 07 Cs
930518 218218 + 200507 370 558 04 Cs
930528 218301 +/— 290505 330 615 06 Cs
9306 03 218307 040615 320 776 05 Cs
930610 218314 + 120620 370 549 07 Cs
930623 218327 240616 320 763 07 Cs
930707 218414 + 110719 360 615 06 CS
930720 218427 —/+ 200722 335 559 05 Cs
930804 218515 — 050822 300 457 05 Cs
930815 218526 160824 345 764 05 Cs
930827 218611 —/+ 050921 340 555 05 Cs
930904 218619 — 060901 300 551 07 Cs
930922 218710 250922 325 509 13 Cs
931012 218803 — 131022 310 478 04 CS
931026 218817 — 271019 400 631 05 CSs
931106 218901 +/— 081108 400 613 07 Cs
931125 218920 + 261122 400 513 03 CsS
931201 218926 —/+ 021220 510 773 07 Cs
931215 219013 +/— 171223 440 710 06 Cs
940101 219102 + 020112 330 609 04 Cs
940111 219112 — 120120 320 756 04 Cs
940125 219126 + 280111 300 603 06 Cs
940205 219209 — 090214 400 805 08 Cs
940219 219223 200210 475 577 02 Cs
940221 219225 + 210220 445 919 06 FGS
940229 219305 — 020322 390 513 05 CSs
940306 219310 — 080305 380 748 05 Cs
940313 219317 + 150324 490 769 08 Cs
940403 219411 — 080405 395 839 19 Cs
940501 219512 — 090503 500 824 09 CsS
940514 219525 + 160511 405 817 08 Cs
940528 219612 — 310509 440 786 12 FGS
940610 2196 25 + 130612 395 728 09 Cs
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TABLE |
Continued
Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type
No. D D M Hr (days)
940619 219707 — 210604 365 674 05 Cs
940626 2197 14 — 030709 365 670 11 Cs
940706 2197 26 + 080703 350 455 05 FGS
94 07 14 2198 07 — 160724 380 817 07 CsS
940721 219814 — 210720 370 540 03 FGS
94 0727 2198 20 + 300701 360 648 07 Cs
940810 2199 07 — 140807 280 662 10 Cs
940827 2199 23 — 270811 340 541 03 Cs
940904 2200 04 — 090919 300 711 08 Cs
940916 220016 + 180902 320 539 06 Cs
941003 220106 — 041015 340 720 05 CsS
941012 220115 + 151012 345 583 06 CS
941021 220126 + 241007 300 633 06 CsS
941109 220218 —/+ 101114 365 579 05 CS
941118 220227 —/+ 201111 360 493 03 FGS
941201 220313 — 021222 320 588 04 Cs
941206 220318 —/+ 071216 330 701 08 CS
941215 220327 + 161213 370 636 06 Cs
941220 220404 +/— 201216 340 610 13 Cs
950101 220417 080114 360 566 10 Cs
950122 220511 — 230113 310 438 05 FGS
950127 220517 /+ 020214 345 657 10 Cs
950208 220601 — 140214 350 639 14 CS
950226 220619 +/— 010314 355 673 09 Cs
950309 220703 140309 350 774 08 Cs
950326 220719 + 290306 335 544 07 FGS
950406 220803 + 080405 300 683 12 FGS
950421 220818 + 250402 250 499 09 Cs
950502 220902 + 030502 340 744 13 Cs
950516 2209 16 + 160519 350 500 06 CS
950523 220923 240506 430 663 03 CSs
950529 221002 + 310514 340 768 12 CS
950609 221013 090623 305 398 04 Cs
950619 221023 — 190622 355 676 08 FGS
950625 221103 + 250622 360 562 08 CsS
950714 221121 — 170717 390 687 07 Cs
950807 221218 + 100805 360 600 07 Cs
950905 221320 + 070916 310 611 07 FGS
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TABLE |
Continued
Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type
No. D D M Hr (days)

950913 221402 + 091610 330 526 07 Cs
950926 221415 + 092801 300 415 05 FGS
951009 221501 + 121007 310 534 09 Cs
951020 221512 — 241009 320 446 06 CsS
951104 221527 + 061106 365 592 08 Cs
951127 221621 — 291108 350 506 04 FGS
951215 221714 — 181201 310 418 04 FGS
951223 221723 — 261211 370 596 05 Cs
951230 221802 — 310 13 CS
960112 221815 — 180113 320 506 11 Cs
960125 221901 — 310116 385 549 07 CsS
960202 221909 — 040219 365 404 05 Cs
96 0207 221914 + 120214 335 582 11 CsS
960216 221923 +/— 190210 360 517 07 Cs
96 0222 222002 — 260221 300 581 09 CsS
960308 222017 — 130309 350 572 10 Cs
960319 222101 — 210323 400 655 05 Cs
96 0324 222106 — 250315 400 594 05 Cs
960408 222121 + 090412 286 491 Cs
96 04 17 222203 — 200408 420 727 06 CSs
960513 222301 — 150514 335 511 06 Cs
960529 222318 + 300501 310 463 08 CsS
9606 05 222325 + 060613 315 471 02 CS
960619 222412 — 190609 365 554 05 FGS
96 0703 222504 — 040701 340 532 05 Cs
960711 222512 — 130709 310 416 06 FGS
9607 17 222518 335 08 Cs
96 0730 2226 04 — 310715 332 525 07 Cs
960812 222617 —/+ 180811 335 491 08 CsS
960825 222703 — 300821 330 518 10 Cs
960904 222713 + 120923 375 689 13 CSs
960924 222806 — 270901 360 626 09 FGS
96 1008 2228 20 + 101003 355 516 04 Cs
961012 222824 + 141011 385 535 06 CS
96 1021 222906 — 231010 370 638 06 CsS
961027 222912 335 08 Cs
96 1103 222919 —/+ 041104 325 441 06 FGS
961109 222925 + 151102 320 497 08 Cs

193
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TABLE |
Continued

Y M D Bartelsrotation IMF FDMA Vo Vmax Dur. Type

No. D D M Hr (days)
961122 223011 - 281104 330 492 10 CS
961202 223021 + 041212 280 500 07 CS
961209 223101 — 111210 370 668 06 CS
961214 223106 - 161201 420 568 04 CS
961221 223113 +/— 231216 290 421 06 CS

of flare-generated streams during the current solar cycle. The yearly distribution
of the two types of streams and the total number occurring during the period 1985
—1996 is reported on the right side of Figure 2. The small number of observed
flare-generated high-speed streams during this solar cycle is also noteworthy. We
add that the observed two peaks in 1989 and 1991 are consistent with the cosmic-
ray flux minima expected during the maximum phase at each sunspot cycle (e.g.,
Storini and Felici, 1994; Marmatsouwt al., 1995; Storini, 1995; Storini and Pase,
1995; Storiniet al,, 1997, and references therein).

For completeness, the yearly distribution of the two types of streams as well as
the total number of them during solar cycles 20 and 21 are also shown in Figure 2.
The occurrence of the fast streams during cycle 20 has been taken from Lindblad
and LUndstedt (1981) and for cycle 21 from Mavromichalaki, Vassilaki, and Mar-
matsouri (1988). A large number of flare-generated streams appearing during solar
maxima occurred at the years 1969, 1979, 1989 of cycles 20, 21, 22, respectively, as
was expected. On the other hand, the existence of large coronal holes during solar
minimum most likely gives a lot of corotating streams. Storini (1995) underlined
that there are essential differences in the behaviour of the Sun during the declining
phases of different solar cycles, such as high-speed solar wind streams coming
from coronal holes during the declining phases of cycles 20 and 21 which affected
the cosmic-ray propagation.

Itis also concluded from Figure 2 that the activity of the 21st solar cycle, which
is an odd cycle, was greater than the activity of the 20th and 22nd solar cycles.
So a clear 11-yr variation in the occurrence rate of the fast streams is apparent
following the solar cyclic variation. Different behaviour of them between even
and odd solar cycles is probably due to the 22-yr variation of the solar magnetic
field (Legrand and Simon, 1981; Simon and Legrand, 1992; Mavromichetlaki
1997). This is consistent with the fact that the odd cycles are more active than the
even cycles which is reported by many authors. For example Swinson, Koyama,
and Saito (1986) showed that northern solar hemisphere activity was displayed as
north-south asymmetry peaks about two years after sunspot minimum, which is



FAST PLASMA STREAMS RECORDED NEAR THE EARTH DURING 1985-1996 195

V(km/sec)
IS
(]
O
4
*I*
™
A
%
<

T S YR JUUI S SUN WS DU R SR | Y S S | f

nlem)?
3
A
~
-
-
LN
N
%
~
o
—

T (k)

S S NN VR W N B | T IS S T VLV R S

B (vy)

&

T
-
——:“.L
= }

Bz (v)
& o
%L
=}
?5'\
F
=]
E;l

g r by
kA ¥y N LA
R AR LA
405 [T -
[ wh
S sk ’ W P
Ch A e ~
» e AT ™ lw
7 sk MMMW' .
7 8 0 12 14 16 18 20 1 3 5 7 9 n 13
AUG 1988 SEP 1988
Corotating Stream Flare - generated Stream

Figure 1. A typical example of the two types of high-speed solar wind streams identified in this
catalogue.

greater during even cycles. This asymmetry is related to the 22-yr solar magnetic
cycle. Storini and Sykora (1997) recently verified the validity of the Gnevyshev
—Ohl rule in green corona brightness. According to this rule, if sunspot number
(R,) cycles are organized in pairs of even-odd numbered cycles, the height of the
peak in the curve of the yearly averaged sunspot numRers always lower for

a given even cycle in comparison with the corresponding height of the following
odd cycle. Mavromichalaki, Belehaki, and Rafios (1998) noted many differences
between even and odd solar cycles in cosmic-ray intensity at neutron monitor en-
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Figure 2.Histograms showing the distribution of the total number of fast streotsofm panél the
number of corotating streamtop pane) and the flare-generated streammsddle panélfor the solar
cycle 22 together with the solar cycles 20 and 21.

ergies related to the 22-yr magnetic cycle and to polarity reversals of the polar
magnetic field of the Sun.

In Figure 3 histograms show the duration of the total number of fast streams
during the three cycles. It is noteworthy that the distribution of the stream durations
shows a maximum around 4—6 days for the even cycles and about 6—8 days for the
odd cycle. Itis also in agreement with the fact that the 21st cycle is characterised by
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Figure 3. The time duration of high-speed solar wind streams for cycles 20, 21, and 22.

higher activity than the other ones. Mavromichalaki, Belehaki, and Rafios (1998)
showed that during the 21st solar cycle the solar flares affected mainly the cosmic-
ray modulation and not the sunspot number, as in the 20th solar cycle. The sunspot
parameter is not always the right index for solar-induced effects in the interplan-
etary medium. It seems to be a natural consequence of the Gnevyshev—-Ohl rule
where each 22-yr solar activity cycle begins with an even numbered sunspot cycle
(lower than the following odd cycle) and ends with an odd numbered one (higher
than the preceding even cycle) (Gnevyshev and Ohl, 1987).

A seasonal variation is also observed in the occurrence rate of the two types of
streams and the total number of them. Two maxima appeared during March and
August (Figure 4). This phenomenon may be related to the asymmetric variation
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Figure 4.Superposed epoch analysis of the number of fast solar wind streams during the period 1985
—1996.

of the emissions of the solar corona (Xanthaddsal, 1994). This variation may

be attributed to the motion of the Sun towards the apex, which causes activity
enhancements in the solar hemisphere which faces this point. An epoch analysis
of the east-west differences of the green coronal absolute brightness of the Pic-du-
Midi Observatory reveals a maximum east-west inequality of this intensity when
the Earth stands on the equinoxes (September and March).
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4. Conclusions

From all of above, the following conclusions can be drawn.

A new catalogue of the fast streams recorded near the Earth is obtained, as
a continuation of previous ones. It is believed that this catalogue, extended now
over three solar cycles, may be found very useful for studies of various solar-
interplanetary and solar-terrestrial phenomena. A solar cycle variation is present in
the occurrence rate of the corotating as well as of the flare-generated streams. The
large number of flare-generated streams during the odd cycle (21st), the appearance
of two maxima of them during the even cycles (20th, 22nd) are some characteristics
which indicate different behaviour between even and odd solar cycles. Another
characteristic is that the duration of the fast streams is greater in the odd cycle
which appeared more active than that of the even cycles.

A seasonal variation of the streams is also observed with two maxima during
March and July—August. It is noted that the same modulation also appeared in
the coronal emission line intensities and K-corona measurements (Xarghakijs
1994).

Conclusively, we can say that the observed differences in the distribution pat-
terns between solar cycles may be attributed to the intrinsic differences in solar
activity and interplanetary magnetic field between the cycles.

In the future, the study of the distribution of the occurrence of the streams as a
function of Bartels rotation days using the dominant polarity of the IMF associated
with the referred fast streams will be very useful to determine the sector structure
of the interplanetary magnetic field.
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