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Table 1. Outlines of app 1ed meLeoroIoglca elements and data sampling for modelling

Meteorological elements Sampling term Data length

1983, Jan, 1 - 31
1983, Aug, 1 — 31 31
1984, Jan, 1 - 31

Daily mean of air

temperature

Annual record of maximum ’
1925 -— 1984, ; 60

snow depth
Monthly total precipitation 1969. Jan, — 1984. Jan, 181
Monthly mean of air

1966. Jan, — 1984, Jan, 217

temperature

~Remarks-

Location of the observatory of Kyoto University Forest in Asyu is just where latitude 35. 18
N meets longitude 135, 43E, with 359 meters above the sea level.

The average annual temperature is 13. 5°C with the maximum 39, 0°C and minimum —19.5
°C; the precipitation is more than 2500mm, and especially there is heavy snowfall amount.
ing 1 to 1.5 meters on the level in winter.
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Th. F—240, 4k AR =5kt MAICE =50 ki H, WITho IC booerrit
ﬁ&m%?wkbfﬂmbfwaocm%f»@Mmf,?SHHJM%@mmﬁm*fj
7oy b LcDOBR—1THs. T9HE) $TOSTRETVRBIFTHZ EILVAL D, £
NPBTRMEOHBENLTHAS



105

#—2 MAICE ik 519834 8 B O FSEBLGEOTHlle FrO¥E
Order: 3% 1C: AIC, BIC, CAI Variance : B3E4M%
Table 2. Order determination and estimation of AR models performed by the MAICE
procedure for prediction of daily mean of air temperature in Aug. 1983

ORDER AIC BIC CAI VARIANCE

0 97.32 98. 76 99. 75 0.126759D+01
1 87.02 89. 89 89. 91 0. 852333D+00
2 86. 38 90. 68 89.92 0.782654D-+00
3 85. 15 90, 89 89. 55 0. 705343D+00
4. 81. 65 88.82 87.18 0. 590685D+00
5 82. 61 91, 22 89. 48 0. 571174D-+00
6 84. 12 94. 16 92.67 0. 562249D4+00
7 86. 08 97. 55 96. 65 0. 561418D+00
8 84.80 97.70 97. 80 0.505023D+00
9 86, 79 101. 13 102, 68 0. 504921D-+00
10 84. 65 100. 33 103. 89 0.440398D+00

MAICE Order=4 Minimum AIC=81.65
Residual Variance=0, 59068D+ 00
AR Model :
Xu =0, 5984Xu-] -0, 6989&1—2 +0. 5763Xn—3 -, 4015+ &n
&, = N(0, 0.590)
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Figure 1. Plot of predicted values for daily mean of air temperature in Aug.
1983 by Model (4)
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Table 3. Order determination and estimation of AR models performed by
the MAICE procedure for prediction of daily mean of air tem.
perature in Jan. 1983

ORDER AIC BIC CAI VARIANCE
0 119, 04 120. 47 121, 47 0.255388D+01
A 112. 08 114.95 114, 97 0.191303D+01
2 113. 56 117. 86 117,10 0.188091D+01
3 115. 56 121. 29 119. 96 0.188082D+01
4 116. 83 124. 00 122. 33 0.183693D+01
5 117, 44 126, 04 124, 31 0.175642D-+01
6 119,42 129. 46 127. 87 0.175580D-+01
7 121. 29 132.76 131. 86 0.174806D++01
8 122. 26 135, 17 135. 26 0.16%124D-+ 01
9 124. 26 138. 60 140, 16 0. 169106D+01
10 124.02 139. 80 143. 36 0.157336D+ 01

MAICE Order=1 Minimum AIC=112.08
Residual Variance=0. 191303D +01
AR Model:

Xy =0.5008Xn~14+¢&n

en=N(0, 1.913)

(*c) 1
©—& OBSERVATIONS
O-=-O ESTIMATED VALUES

TEMPERATURE

—

1 10 20 30
A
DAY 1984 JANUARY

M—2 Model (1) [Tk ABLE (19844F) 1 H oK HOEERR O
Figure 2. Plot of predicted values for daily mean of air temperature
in Jan. 1984 by Model (1)
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Month Freguency Relative Freq. (Percent)
11 0 0
12 3 4.76
1 15 23.81
2 38 60,32
3 7 11.11
4 0

1 Season : November -~ April

T e plla I g
AT

1925 1935 1945 1955 1565 1875 YEAR
K—3 1925~198U4EDRFE T 1 A B YA OBIE & e RBE S
Figure 3. Plot of annual record of maximum snow depth
in winter from 1925 to 1984

#—4 MAICE I X 2 EROBAMTREO T e 71 OYuE
Table 4. Order determination and estimation of AR models performed by
the MAICE procedure for prediction of annual record of maximum
snow depth in winter season

ORDER AIC BIC CAl VARIANCE
0 602. 96 605. 05 605. 17 0.131045D+ 04
1 604. 28 608. 47 606, 71 0.129563D+04
2 604.08 610. 36 606, 81 0.124502D+ 04
3 606. 97 614. 34 609. 08 0.124669D+04
4 607. 95 618, 42 611. 53 0.124629D++04
5, 600 38 612. 95 604,53 0.106258D-+04
6 600. 48 615. 14 605, 30 0.102945D+ 04
7 602. 44 619. 20 608. 04 0.102884D++04
8 604, 13 622. 97 610. 61 0.102339D+04
9 605 91 626, 86 613. 41 0.101981D+04
10 607. 87 630. 91 616. 51 0.101906D+04
11 608.92 634. 05 618. 83 0.100298D+04
12 610.65 637. 87 621, 98 0. 998457D+ 03
13 611. 61 640. 93 624.52 0.981332D+03
14 613. 57 644. 98 628. 22 0. 980672D+03
15 614. 40 647, 90 630. 97 0.961709D+ 03

MAICE Order=5 Minimun AIC=600.38
Residual Variance=0,106258D+-04
AR Model:
Xn =0, 1034Xn—l -0, 1769Xn-—2 -0, 1779Xn—3+0. 0689Xu-4 - 0. 4108Xn~5+ &n
en == N(0, 1062. 58)
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Figure 4. Comparison of spectral qualities of the following time series data;
original data, Model (5) and simulated Model (5)
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Figure 5. Plot of predicted values for annual record of maximum snow
depth by Model(5)
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BRI T . IC, T OWERIES LOAREFDRUARAEIE» SR L, 20arva s
S L LI NI — 8 TH Bo MBDBFEEAEED LNV, THHLE, BT
DREEOEHMBIZDTHS fJ\b AR SBHEDOBIEID - 7B B30 AE 5 R
MEB R WARERAENTH B EEZ 5N, COMPTEFREOHE L—HTD
COFRRRICH LT MAICE =FNEHE LOBE—~5TH 5B, AIC, CAI gnd'h
b 2%, BIC 21%ko AR TFAEBRLTED, 2 rns s aboiit UBREREADT

#i—5 MAICE 1 & 3 A BIKKEED TR = 7V DRE
Table 5. Order determination and estimation of AR models performed by the
MAICE procedure for prediction of monthly total precipitation

ORDER AIC BIC CAl VARIANCE

0 2079, 30 2082. 50 2081. 36 0.564713D+04

i 2066. 67 2073. 07 2068. 81 0.520878D+04
2 2066, 15 2075 74 2068. 38 0.513667D+ 04
3 20866, 85 2079. 64 2069. 19 0.509983D+ 04
4 2068, 61 2084. 60 2071. 09 0. 509311D+ 04
5 2070. 87 2089.76 2073. 22 0.509215D+ 04

6 2070. 72 2093, 11 2073.56 0.504041D+04

7 2072. 68 2098. 27 2075, 74 0.503928D+04
8 2073, 23 2102. 02 2076. 52 0. 499892D+ 04
9 2074. 64 2106.62 2078. 20 0.498266D+ 04
10 2076. 58 2111. 76 2080, 44 0.498103D+ 04
11 2076, 99 2115 38 2081. 17 0. 493760D + 04
12 2077.64 2119, 22 2082, 17 0.490070D+ 04
13 2078, 82 2123. 60 2083. 73 0.487859D+ 04
14 2072. 59 2120. 87 2077. 91 0. 466187D+ 04
15 2074. 51 2125. 69 2080. 27 0.465982D+ 04
16 2076. 32 2130. 70 2082. 55 0.465494D+04
17 2078, 32 2138, 90 2085. 04 0.465488D+ 04
18 2079. 72 2140, 49 2086. 97 0.463936D+04
19 2080. 48 2144. 45 2088, 29 0. 460767D+ 04
20 2082, 45 21489.62 2090. 85 0.460692D+ 04
21 2084, 19 2154. 56 2093. 22 0. 460039D+04
22 2085, 01 2158, 58 2094, 71 0.457058D+04
23 2086. 97 2168. 73 2097. 85 0. 456935D+ 04
24 2087, 85 2167.81 2098, 97 0.454125D+ 04
25 2089, 62 2172.78 2101. 50 0.453551D+404
286 2085 71 2172, 07 2098. 40 0. 438990D+ 04
27 2084, 35 2178. 91 2097. 88 0.430912D+04
28 2081. 60 2174. 36 2096, 00 0. 419747D -+ 04
29 2082, 99 2178. 94 2098. 30 0.418326D+04
30 2084. 99 2184. 14 2101. 26 0.418325D+ 04
31 2086. 73 2189. 09 2104. 00 0.417743D +04
32 2088. 58 2194.13 2106. 88 0.417379D+ 04
33 2089. 45 2198.19 2108.82 0.414779D 404
34 2090, 43 2202. 38 2110. 93 0.412465D+ 04
35 2092, 40 2207. 54 2114. 06 0.412385D+04
36 2092. 66 2211. 01 2115, 54 0. 408452D+ 04
37 2091, 21 2212. 76 2115 34 0. 400740D+04
38 2093. 12 2217. 886 2118, 55 0.400536D 04
39 2090. 10 2218. 04 2116. 88 0.389585D+04
40 2091, 81 2222.95 21169. 99 0. 388961D+04

MAICE Order=2 Minimum AIC=2066.15 Residual Variance=0.513667D-04
AR Model:

Xn =0, 24496 X1+ 0. 1744 Xp-24en

en==N(0, 5136. 67)
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#—6 MAICE 2k % AP RRO T & 7 DWIE
Table 6. Order determination and estimation of AR models performed by the
MAICE procedure for prediction of monthly mean of air temperature

ORDER AlC BIC CAl ° VARIANCE
o 1474, 34 1477. 72 1476. 39 0. 517840D-02
1 1198, 18 1204. 94 1200. 29 0.-143715D+02
2 917. 03 927,17 919, 22 0.389782D+01
3 849, 63 863, 15 851, 91 0. 283087D+01
4 790, 60 807. 50 793. 00 0. 213689D+01
5 763, 75 784. 03 766. 28 0. 187086 D+ 01
6 763. 81 787. 46 766. 50 0. 185419D+01
7 765. 65 792. 69 768. 52 0. 185290D+01
8 761, 79 792, 21 764. 86 0. 180353D+01
9 751. 92 785, 72 755. 21 0.170751D~+ 01

10 751. 39 788.57 754, 92 0. 168768D+01
11 .. 725 97 766, 52 729,76 0.148734D 401
12 708, 48 752. 42 712. 56 0,135961D+01
13 710. 06 757, 38 714. 45 0.135697D+01
14 710. 98 761. 67 715. 70 0. 135021D+01
15 709, 25 763. 33 714, 32 0.132722D+01
16 710. 28 767. 73 715 73 0.132128D+01
17 710,17 771. 00 716, 02 0.130849D+01
18 711, 98 776, 19 718. 26 0.130735D+01
19 712, 33 779.93 719. 07 0.129748D+01
20 713. 88 784. 86 721. 10 0.129480D+01
21 715. 36 789, 72 723, 08 0.120171D+01
22 716. 70 794, 44 724. 95 0. 128779D+01
23 707. 47 788. 59 716, 27 0.122280D+01
24 694, 66 779. 16 704, 05 0.114214D-01
25 690, 52 778. 39 700. 52 0.111025D+01
26 692. 51 783,77 703, 15 0, 111025D+ 01
27 693. 45 788. 09 704. 76 0.110484D+01
28 694. 47 792, 49 706, 47 0.109984D+01
20 696. 16 797. 56 708. 89 0.109828D-+01
30 695. 23 800, 01 708. 71 0. 108355D-+01
31 696, 75 804. 90 711.01 0.108114D+01
32 698, 56 810, 10 713. 64 0, 108022D-+01
33 700, 45 815. 37 716. 38 0.107968D+01
34 694. 35 812, 64 711. 15 0.104008D+01
35 679.92 801. 60 697. 63 0. 964249D- 00
kG 679. 83 804, 89 508, 48 0. 955020D+00
37 679, 82 808. 26 699. 45 0. 946219D+00
38 681. 69 813. 51 702. 33 0. 945658 D+ 00
39 683, 69 818. 89 705 37 0. 945658D+ 00
40 676. 74 815. 31 699. 50 0. 907418 D00
a1 677. 99 819. 95 701, 86 0. 904304D+00
42 679. 69 825, 03 704. 72 0.903058D+00
43 681. 16 829, 88 707. 37 0. 900860D+00
44 682, 43 834. 53 709.87 0.897831D+00
45 684. 29 839. 76 712. 99 0. 897282D+400
46 685. 88 844, 74 715. 88 0. 895550 D+ 00
47 684. 83 847. 06 716. 17 0. 883031D++ 00
48 686. 67 852, 29 719. 39 0. 882399 D+ 00
49 687.78 856, 77 721. 92 0.878767D+00
50 688. 01 860, 39 723. 62 0. 871660D -+ 00
51 690. 01 865, 76 727,12 0. 871633D+00
52 690, 85 869.98 729, 52 0.867000D-+00
53 692. 44 874. 95 732. 70 0. 865345D+00
54 693, 74 879. 64 735. 64 0. 862588 D+ 00
55 695, 74 885. 01 739, 33 0. 862577D+00
56 696. 79 889. 45 742,11 0. 858825 D+ 00
57 697.93 893. 96 745. 02 0. 855406 D+ 00
58 699. 93 899, 34 748. 85 0. 855399 D+ 00
59 701 14 903, 94 751, 94 0. 830599D+00
60 697. 54 903, 72 750. 27 0. 830599 D+ 00
MAICE Order=40 Minimum AIC=676.74 Residual Variance==0.90742D+00

AR Model:
Xu=0. 41595 Xn—-1 40, 04759 X2 — ¢+ 40, 06476 X390 — 0, 20648 Xn— 40 +&n
en=N(0, 0.90742)
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estimate
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Résumé

The IC (Information Criterion) is useful in selecting a model objectively when various
models of different orders seem to fit equally,

In this paper, the difficulty in deciding the order of an AR model (autoregressive model)
in time series of the following méteorological data:

@ daily mean of air temperature, @ annual record of maximum snow depth, @ monthly
total precipitation and @ monthly mean of air temperature are discussed.

The results of the behaviour of autocorrelations are rather simple and any significant
cycle cannot be found except the seasonal change in case of monthly precipitation and
air temperature. To eliminate the effect of seasonal cycle, the time series is decomposed
into two parts, the part of seasonal cycle and the remaining part with a slight persistence.
Correlograms of the remaining part show a typical pattern of Markov process, therefore
the advantage of this procedure lies in its use of the AR model which is one of the most
versatile models of time series. ;

Even if without any other information for reducing the set of possible AR models, the
behaviour of employed IC may suggest the assignment of some upper and lower limits of
AR models.

It is remarkable that these steps overcome many of the difficulties of the order deter-
mination of AR models and provide a basis for the development of identification of higher
order AR models.





