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SUMMARY

Title

Interaction between cosmic ray and upper and lower atmospheres

Project Goals and Necessities

1. To investigate the variation of cosmic ray flux to effect on
upper—Ilower atmosphere

2. To investigate the dynamical mechanism of polar upper atmosphere on
account of transferring the energy of polar upper atmosphere to
middle—low latitude upper atmosphere by interaction and diffusion of
atmospheric particles

3. Cosmic ray: Good criterion on the variation of space environment by
solar activity and on «climate change including cloudiness,
precipitation and temperature

4. Introduction for Earth’ s atmospheric variation by entrance of
energetic particles such as cosmic rays

Science and Technological Implementation and its Scope

1. Application of polar cosmic ray flux and upper atmospheric
appearances

2. Analysis of cosmic ray flux event to be changed with solar activity

3. Analysis of interaction between solar activity, cosmic ray flux and
upper—Ilower atmosphere

. Results

1. Investigation of periodicity in cosmic ray flux

2. Investigation of variation in solar brightness by solar activity

3. Investigation of geomagnetic activity by solar magnetic polarity

4. Investigation of energetic particles’ s (solar proton event, aurora
electrons, relativistic electrons) effectiveness on the variation of

— il —



Earth’ s atmosphere

5. Construction of database for Jang Bogo neutron monitor

V. Application of Products and Results

1.

Support the important space environment information through the
understanding polar space environment by the investigation of polar
neutron monitor

Orive the interdisciplinary research by the understanding the
physical properties of cosmic particles and the international
cooperative research focusing on polar space environment study

Application of technique for particle detection on other similar
instruments

Application on space payload of cosmic ray detector in order to
develop the space industry
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Table 3 2. List of neutron monitor o analveze the periodicity,

‘ Location 27d-penodicity
nm st station geagrdphic CEITLETnelic aldmde | RC period
cole (G _ ower
latitude | longitude | latitude | loogitude (m) (day?
Alma-Ats 13 AATD 43.14 TH.E0 34.23 152,71 3340 6.69 25.74 14.67
Apatily APTY H7.97 3340 63.07 12531 181 0.65 27.04 | 2408
Alhens ATIIN 37.97 2378 36.08 103.41 260 8.53 27.86 7.28
Buksun BKSN 43.23 4269 3825 122,46 1700 5.6 27.44 1329
Barentsburg BRI 7R.06 14,22 7491 127,04 70 0 298 | 2057
Betjing 13E1] 39.08 116,28 20.01 -172.47 43 10 2517 1.07
Calgary CALG 01.083 -114.13 2774 -02.13 1128 1.08 27.04 | 20047
Cape Shimidt CADPS HR.92 -179.4% 64,10 127.73 0 0.45 27.04 9.96
[is01 501 3330 3280 20,56 11371 2025 10.8 29.44 2.52
Fort mmith FSMNT 60.02 -111.93 .73 -24.31 180 0.3 26.84 10.76
Herminus ITIRNS -34.42 14923 -33.00 8467 26 458 25,89 16.21
[nuvik INVK 68,306 -133.72 7098 -¥7.67 21 0.3 W.dn | 2739
Irkutsk [RKT 0247 104,03 4232 176,89 435 3.64 26.07 8.77
Jungiruujoch JUNG A6.55 7.98 4715 090.41 3570 45 26.07 17.33
Kerguelen KERG -49.35 7023 -26.61 13361 33 1.14 26.07 10.54
Kiel KIEL 24.30 10.10 54.25 96,21 54 2.36 2765 | 2127
Kingston K(i5N -42.099 147.29 -50.11 -133.30 65 1.88 25,89 13.13
LARC LARC 62,20 -08.496 7203 20.10 40 3 2084 | 2092
Lommicky st LMKS 43,20 20122 47.61 10358 2634 3.84 20,89 13.50
Magadan NGDN #0.04 15105 2204 -146.00 220 2.09 27.6a 7.33
Mawson MWaN -67.60 H2.88 -7308 111.61 0 0.22 2089 1.59
MehTurdo NCNU =770 146363,60) -79.00 =707 43 0.3 27.04 7.42
Mexico MXCO 19.33 -99.18 28.03 -24.02 2274 9.53 27.86 3.01
Nirny MENY -656.99 93.02 -8 155,34 30 0.03 26.07 5.16
Maoscow MOSC 2047 37352 2093 121,59 200 243 2724 | 4346
Nain NAIN 203 -51.68 43,13 14.4% 46 0.3 27.04 | 11.00
Newark NEWK 39.68 N 4345 -4.20) 50 2.4 27.24 17.12
Norilsk NRLK 13,26 253.00 24306 166,26 0 0.63 30.67 5.28
Novosibirsk NVDBK od.48 2300 A5.07 15973 163 2.91 2786 8.65
Qulu QU 60.05 2547 £1.89 11683 15 0.8 27.04 | 3970
Peawanuck PWNK 54.98 -82.44 6443 -17.80 0 0 27.04 12.07
Potchelstroom POTC -26.68 2710 =277 09422 1351 7 3017 10.63
L::‘r‘:;h;n PSNM | 1839 93.49 8.62 ITLO8 | 2360 | 168 | 27.44 | 1334
Sune SAND ~71.67 -2.85 —643.2 47.19 8o 0.86 26.84 7.38
Tlnlisi TBLS 41.43 44,48 36.21 123,63 210 6.73 26,26 5.79
Thule THUL 6.0 -638.70 86,373 12.98 26 0.3 27.04 14.10
Tibel TIBT 0.1 Hro3 2037 164,08 4300 14.1 27.44 14.23
Tixie Bay TXBY 71.36 128,54 #1.69 -166.10 0 0.48 26.07 1439
Tsumel TSMI -19.20 17.98 -1874a 86,36 1240 9.21 25.70 7.22
Yaukutsk YKTK 62.01 124,43 2241 -163.43 105 1.65 27.44 4.77
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floll A ABAE NOx7F 23 polar vortex®] 2]8) A& ei Jdg g zoen 7kEg
v} (Randall ot al, 2005), T=gh 23 55km =M NOx F%t Ap X Fe &2 2434
7h elyr zlewt mad ub 2luh (Siskind el al, 2000; Scppala ct al, 2007a). SPE ¥4 7l

79 OHel % %2 Wit 932 &+ Aok Juckman ol al, 2011,
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o] F7he ubeabE el NUSIgF 13k o719 NCD)AlY A7 dugen we C’LDI 4
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NO'¢} Aiadzte) Nyo] &7t dhgsle] AAFFoZAN 32 AdHE 575 9lvh Or-l 3l
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|BGO revised values averaged to 1 hour from 2015-12-15T11:00:00 to 2017-01-11T08:59:00 (R=0.30 / Alt.29m)
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_________ LUERY RESLLTS SUMMARY

# STATION: JBGO

#  STAAT TIME: 2015-12-15 11:00:00 UTC

# EMD TIME: 2017%-01-11 08:00:00 UTC

# MMDB TABLE: revised original

# FEY BJ. ORI: Ho

# FBY. YALUES: =R8060

#  DATA TYPE: corr_for_efficiency(RCORALE)
# AVERAGING: Yes /1 hour

# ORIGIHAL RES: 1 min

Timestamps alwavs correspond to the beginning of the time interval

| Data retrieved via NMDB are the property of the individual data providers. These data are |
| free for non commercial use within the restrictions imposed by the providers., 1f wou use |
| such data for wour research or applications, please acknowledge the origin by a sentence |
| like " We acknowledge the NMDE database (www.nmdb.eu), founded under the Buropean Lhion's |
| FPT? programme {contract no, 213007) for providing data. ", and acknowledge individual |
| monitors following the information given on the respective station information page. |
I |

start_date_time RCCRR_E
205-12-16 00:00:00;261.949
205-12-16 01 :00:00;261. 642
205-12-16 02:00:00;261, 985
2015-12-16 03:00:00;261. 624
2015-12-16 04:00:00;263.930
2015-12-16 05:00:00;263, 950
205-12-16 06:00:00;263. 816
20 5-12-16 07:00:00;263. 250
20 5-12-16 08:00:00;262, 277
2015-12-16 09:00:00;263.571
2015-12-16 10:00:00;262. 152
205-12-16 11:00:00;262.174
2015-12-16 12:00:00;262. 045
2 B-12-16 13:00:00;262, 853
2 5-12-16 14:00:00;262. 606
2 5-12-16 15:00:00;263. 408
2015-12-16 16:00:00;263. 262
205-12-16 17:00:00;263. 753
2015-12-16 18:00:00;262, 343
2015-12-16 19:00:00;263. 755
2015-12-16 20:00:00;263. 524
2015-12-16 21 :00:00;263. 74
20 5-12-16 22:00:00;264, 055
20 B-12-16 23:00:00;263. 155
2015-12-17 00:00:00:265, 034

2mT-01-10 15:00:00:281. 078
2 7-01-10 165:00:00:281. 707
2m7-01-10 17:00:00:231. 027
2017-01-10 15:-00:-00;280, 702
2mT-01-10 19:00:00:280. 295
2m7-01-10 20:00:00;:282. 276
2mT-01-10 21 :00:00:280. 757
2017-01-10 22:00:00;2580. 719
2017-01-10 23-00:-00;2580, 435
2mT-01-11 00:00:00:273. 846
2mT-01-11 01 :00:00:280. 825
em7-01-11 0zZ:00:00:231.128
2m7-01-11 03:00:00:250, 59
2m7-01-11 04:00:00:2739. 850
2mT-01-11 05:00:00;280, 351
2mT-01-11 06:00:00:280. 90
2mT-01-11 07:00:00:280. 085
2017-01-11 05-00:00;279. 810

Figure 3 20, Result of Query lor Jang Bogo neutron monitor al NMDB
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Figure 3 21, Map of ncutron monitors at NMDB,
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YEAR  MONTH DAY HOUR MIN  SEC MCMU  JBGO

2015 12 15 11 00 00 200,727 0.000
2015 12 15 12 00 00 262,549 0.000
2015 12 15 13 00 00 261.311 0.000
2015 12 15 14 00 00 261,223 0.000
2015 12 15 15 00 00 261.587 0.000
2015 12 15 16 00 00 261.765 0.000
2015 12 15 17 00 00 262,807 0.000
2015 12 15 18 00 00 262,141 0.000
2015 12 15 19 00 00 262,351 0.000
2015 12 15 20 00 00 261,939 0.000
2015 12 15 21 00 00 261343 0.000
2015 12 15 22 00 00 261802 0.000
2015 12 15 23 00 00 261569 0.000
2015 12 16 00 00 00 261.867 63.414
2015 12 16 01 00 00 262674 683,333
2015 12 16 02 00 00 2602519 63.421
2015 12 16 03 00 00 262,901 683,332
2015 12 16 04 00 00 262,794 63,9334
2015 12 16 05 00 00 262,164 68.942
2015 12 16 06 00 00 202547 63.907
2015 12 16 07 00 00 262.508 63.760
2015 12 16 03 00 00 261.077 6:3.500
2015 12 16 09 00 00 262,560 63.843
2015 12 16 10 00 00 261,209 63,4533
2015 12 16 11 00 00 262,742 63.479
2015 12 16 12 00 00 261.600 63.448
2015 12 16 13 00 00 262,684 63.670
2015 12 16 14 00 00 263.035 63.504
2015 12 16 15 00 00 263.046 63.801
2015 12 16 16 00 00 263.176 68.762
2015 12 16 17 00 00 203,776 63.891
2015 12 16 18 00 00 263.563 63.522
2015 12 16 19 00 00 263.600 63,892
2015 12 16 20 00 00 203804 653.831
2015 12 16 21 00 00 203,682 63.833
2015 12 16 22 00 00 262923 63.951
2015 12 16 23 00 00 203.604 683.745
2015 12 17 00 00 00 264,469 69,220
2015 12 17 01 00 00 263,936 63.951
2015 12 17 02 00 00 264,466 69.310
2015 12 17 03 00 00 264,149 63.994
2015 12 17 04 00 00 200,235 69.214
2015 12 17 05 00 00 264.941 69.246
2015 12 17 06 00 00 264,131 63.9:37
2015 12 17 07 00 00 204,217 69.076
2015 12 17 08 00 00 264,154 69.281
2015 12 17 09 00 00 263.089 69,092
2015 12 17 10 00 00 263.103 69.033
2015 12 17 11 00 00 264,187 63,722
2015 12 17 12 00 00 262,992 63.870
2015 12 17 13 00 00 262,133 69.000
2015 12 17 14 00 00 264,398 683.600
2015 12 17 15 00 00 262,995 63.820
2015 12 17 16 00 00 263.006 69.146
2015 12 17 17 00 00 203.683 69.019
2015 12 17 15 00 00 203697 69,358
2015 12 17 19 00 00 264.521 69.074
2015 12 17 20 00 00 264,797 69.212
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260,985
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63.523
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653.826
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63.758
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63.816
63.830
63.804
69.029
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23 01 00 00 264.662 69.218
2302 00 00 264.505 69.121
2303 00 00 264505 69.003
2304 00 00 262,419 69.570
2305 00 00 263.096 69.089
2306 00 00 264.143 69.601
2307 00 00 264.544 63.920
2308 00 00 264.468 69.109
2309 00 00 203,083 69.168
2310 00 00 264.107 69.453
23 11 00 00 264,289 69.361
2312 00 00 262,430 69.360
2313 00 Q0 200,016 69.471
2314 00 00 264,994 69.428
2315 00 00 262,369 69.103
2316 00 Q0 204,708 69.460
2317 00 00 204,743 69,721
2318 00 00 260,583 69.470
2319 00 00 266.484 69.066
2320 00 00 264.791 69.459
23 21 00 00 266,419 69,650
2322 00 00 264.999 69.567
2325 00 00 262,004 69.239
2400 00 00 266.530 69.477
24 01 00 00 260,255 69.629
2402 00 00 262.563 69.260
24035 00 Q0 200563 69.4530
2404 00 00 264.963 69.574
2405 00 00 264.718 69.185
2406 00 00 264,739 69.194
2407 00 00 200,977 69.622
2408 00 00 200,783 69.723
2409 00 00 262,469 69.694
2410 00 00 200,782 69.796
24 11 00 00 260,971 69.941
2412 00 00 260,375 69.935
2415 00 00 262,603 69.410
2414 00 00 260,331 69.693
2415 00 00 200324 69,353
2416 00 00 260,331 69.561
24 17 00 00 264.674 69.354
2418 00 00 260,396 69,034
2419 00 00 266,082 69.455
2420 00 00 262,246 69.667
24 21 00 00 207038 69.451
2422 00 00 260613 69,733
2425 00 00 266,197 69.606
2500 00 00 266.519 69.820
25 01 00 00 266,220 69.451
Zo 02 00 00 200969 69.628
2505 00 00 262,683 69.815
2504 00 QO 266,480 69.670
2006 00 00 200,494 69,370
2506 00 00 260,242 69.158
2507 00 00 262,591 69.763
2208 00 Q0 200546 69.812
2000 00 00 266,009 69,920
2510 00 00 267.066 69.658
25 11 00 00 267.243 69.843
2o 12 00 00 266,509 70151
Zo 13 00 00 266.260 69.860
2514 00 00 266.639 70.075
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2515 00 00 266,705 70.302

2o 16 00 Q0 207985 69.609
Zo 1700 00 266,969 69,792
2o 18 00 00 266.239 69.347
2519 00 00 266,142 69.991
Zoz20 00 00 200,939 69.876
25 21 00 00 260973 69.659
2522 00 00 2624936 69.910
2523 00 00 200,582 69.602
26 00 00 00 266,034 69.723
26 01 00 00 262,606 69.667
26 02 00 00 263573 69.130
2603 00 00 204.524 69580
26 04 00 00 200,790 69.427
26 05 00 00 264,573 69,7534
26 06 00 00 266.525 69.083
26 07 00 00 266,540 69.911
2608 00 00 266.979 69.708
2609 00 00 266.480 70.183
26 100 00 00 267.424 70.006
26 11 00 00 207000 70,159
2612 00 00 266.435 70.101
26 15 00 00 267.541 70.139
20 14 00 00 206,233 69.909
26 15 00 00 260911 70.079
26 160 00 00 267 5364 69.302
26 17 00 00 200857 70.142
26 18 00 00 200,745 69.833
2619 00 00 260,982 69.5:34
26 20 00 00 260,185 69.637
26 21 00 00 266,469 69.993
2022 00 00 260,462 69,767
26 23 00 00 260,273 69,356
2700 00 00 200,724 69.652
27 01 00 00 2604610 69,060
Ze 02 00 00 266.471 69.457
2703 00 00 266.547 69.365
2704 00 Q0 260,521 69.727
2706 00 00 266,446 69,900
2706 00 00 266,236 69.807
Zr 0y 00 00 262,534 69.091
2708 00 00 200993 69,730
2709 00 00 264.694 69.674
Zr 10 00 00 26,5363 69.340
27 11 00 00 266.324 69.915
212 00 00 200,900 69.460
Ze1la 00 00 266.071 69.715
2714 00 00 266.343 70.086
2715 00 00 200,964 69.894
2716 00 00 266,365 70.007
Ze 17 00 00 262,976 69.737
2718 00 00 266,143 69.499
2719 00 00 267386 69,930
2¢ 20 00 00 266,498 69.750
27 21 00 00 268.071 70.060
2722 00 00 266,942 69.834
2723 00 00 267534 69.809
2300 00 00 266.561 70.233
28 01 00 00 267205 70.048
2302 00 00 266,541 70.010
2203 00 00 2683.440 69.911
2304 00 00 263.162 69.856
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2305 00 00 267.500 69.973
2306 00 00 208.629 69.932
2307 00 00 207473 70,300
208 00 00 267604 69.873
2309 00 00 268,333 70.209
2310 00 00 267.440 70.433
28 11 00 00 267373 70.260
2312 00 00 267916 70177
2313 00 00 2683.165 70.431
214 00 00 268537 70,390
2215 00 00 268,345 70.450
2316 00 00 269.080 70.393
217 00 00 203182 70.453
2318 00 00 269.067 70112
2319 00 00 269,294 69.800
2820 00 00 208.719 69.057
23 21 00 00 207970 69.830
2822 00 00 268.086 69.975
2325 00 00 268,991 70.718
2900 00 00 269,365 70.039
29 01 00 00 2085360 70.162
2902 00 00 269.466 70.107
2905 00 00 269,982 70121
2904 00 00 268.413 70,323
2905 00 00 269.015 70.608
2906 00 00 269,602 70.119
2907 00 00 200,949 70.764
2908 00 00 2085394 70.124
2909 00 00 270,135 70.520
2910 00 00 269,900 70.451
29 11 00 00 270,435 70.623
2912 00 00 209,728 708536
2915 00 00 270912 71121
29 14 00 00 270,010 70.606
2916 00 00 270,695 70672
2916 00 00 270,995 70.853
29 17 00 00 271,231 71.307
2918 00 00 270,328 70.828
2919 00 00 270,793 71.200
2920 00 00 270512 70.779
29 21 00 00 271.039 70.870
2922 00 00 271,031 71.024
2925 00 00 270,235 71.342
3000 00 00 271,859 71.449
30 01 60 00 271.576 71.189
3002 00 00 270,457 71.428
3003 00 00 270,750 T1.323
3004 00 00 270,745 70.868
3005 00 00 270,279 71.2899
3006 00 00 2705370 71,195
3007 00 00 271,132 70.928
3005 00 00 271,314 71.461
3008 00 00 270,302 71.089
3010 00 00 270,983 71.045
30 11 00 00 271.570 71.341
3012 60 00 270,469 71.315
30153 00 00 2705324 71.210
3014 00 00 271.945 71.490
3015 00 00 271,396 71187
3016 00 00 271,596 71,232
3017 00 00 271.001 70.871
3018 00 00 271,252 71.164
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