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The characteristics on the transtion probabilities and periodicity for the daily pre-
cipitation occurrence in Korean peninsula are investigated by applying the Markov chain
properties to daily precipitation occurrence.

In order to examine the responses of Markov Chain properties to the applied period
and their magnitudes, three cases (Case A: 1956~1985 at 14 stations, Case B: 1965~
1994 at 14 stations, and Case C: 1985~1994 at 63 stations) are considered in this
study.

The transition probabilities from wet day to wet day for all cases are about 0.50 and in
summer, especially July, are higher. In addition, considering them in each station we
can find that they are the highest at Ullung-do and lowest at Inchon for all cases. The
annual equilibrium probabilities of a wet day appear 0.31 in Case A, 0.30 Case B, and 0.
29 Case C, respectively. This may explain that as the data-period used becomes shorter,
the higher the equilibrium probability is. The seasonal distributions of equilibrium pro-
babilities are appeared the lowest(0.23~0.28) in winter and the highest(more than 0.39)
in spring and monthly in July and in October, repectively. The annual mean wet du-
ration for all cases is 2.04 days in Case A, 1.99 Case B, and 1.89 Case C, repectively.
The weather cycle obtained from the annual mean wet and dry duration is 6.54~6.59
days, which are closely associated with the movement of synoptic systems.

And the statistical tests show that the transitions of daily precipitation occurrence for
all cases may have two-state first Markov chain property, being the stationarity in time
and heterogeneity in space.

Key words : Markov chain property, transition probability, periodicity, daily precipitation
occurrence
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Ex- Az
Table 1. Transition probabilities of the occurrence of wet and dry days following the
same conditions previous day for each case

(A) (To) (B) (C)
B W D W D
W | Wb N W
(From) 0.51 0.49 | 0.50 0.50 | 0.49 051
b lozzors N 0.22 0.78 D 0.21 0.79
Table 2. Seasonal transition probabilities for each case
Season\Case A B C
0.45 0.55 / } 0.43 0.57 (0443 0.57
Spring LOQS 0.77 B 0.22 0478J l 0.21 0.79 i
f ° - 7'\‘ —
0.58 0.42 [ 059 041 i 0.59 0.41 j
Summer 0.27 0.73 0.27 0.73 1 0.26 0.74 1
(0.47 0.53 } 0.47 0.53 + 0,45 0.55 ‘
Autumn | 0.20 0.80 | 0.19 0.81 ‘ | 0.18 0.82
| 0.49 0.51 | [ 0.49 0.51 } F0.44 0.56 |
Winter 018 082 | 0.20 0.80 ‘ 0.20 0.80
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Table 3. Monthy transition probabilities for each case

Month\Case A B C
051 049 (0.50 0.50 0.43 0.57 |
Jan. - 0.18 0.82 } L 0.18 0.82 | 0.19 0.81
~ - _
0.51 0.49 1052 0.48 0.48 0.52
! i
Feb. 0.19 081 | 0.21 0.79 | 0.21 0.79
- - - -
0.42 0.58 | 0.42 0.58 0.43 0.57
| i
Mar. - 0.20 o_soj 0.22 0.78 0.22 0.78 |
0.48 0.52 044 0.56 (0.42 0.58 ‘
Apr. 0.35 0.65 | 0.24 0.76 ‘ 0.20 0.80
0.43 057 | 0.44 0.56 ‘ 0.44 0.56
May. 0.22 0.78 021 079 | 0.22 078 |
- - : - -
0.52 0.48 | 051 0.49 . 0.50 0.50
Jun. 0.26 0.74 | 0.25 0.75 | 0.23 0.77
. - o - - -
0.65 0.35 0.64 0.36 ' 0.65 0.35
Jul. 0.43 0.57 [ 0.29 0.71 | 0.29 0.71
0.57 0.43 } 0.59 0.41 059 041
| | .
Aug. 0.25 0.75 | 027 0.73 0.27 0.73
| 053 047 i 0.51 0.49 0.50 0.50
Sep. 0.23 0.77 | L 0.22 0.78 ©0.20 0.80 ‘
0.41 0.59 0.42 0.58 0.42 0.58
Oct. 0.19 0.81 | 016 0.84 0.14 0.86 |
= : : , .
0.46 0.514 | 045 055 | 0.42 0.58
Nov. 0.21 0.79 | 0.22 0.78 0.20 0.80
043 057 043 0.57 0.39 0.61
Dec. 0.19 0.81 019 0.81 | L 0.19 0.81

g R, CASE A4l $4eARe  Co AL 3 Aelrh A% B2} Fyrch o
Folshgol agkeh. FAFUNA B4Rl ZrHTable 1)

Folhge RE Ateld FAFYAM F4  Table 2= 2 Ao i ARY FolahE
dze uc o 35MAE AT, & vhehd selch WA 4§ FrAelA 2
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Table 4. Transition probabilities for each case at each of the 14 stations

Station\Case A B C

052 048 W 052 048 | | 054 046 |
Kangnung Lo_zo 080 | 0.20 O.BOJ t0.20 0.80 |
047 053 | 0.47 053 | " 047 053 |
Seoul t0_23 0.77 | [0_22 0.78 t0.22 0478J
044 056 | T0.44 056 | F0.45 0.55 1
Inchon | 0.21 079 | 021 079 | | 022 078 |
" 058 042 056 044 | :‘ro.54 0.46W
Ullung-do ’“70428 0.72 [0.28 0.72 | LO.28 0.72
049 051 | Fo.49 0.51 " 0.50 0.507
Chupungnyong t0424 0.76 | | 0.23 0.77 ] ]_0.22 0.78 |
[048 0.52 0.48 0_527 (049 051 |
Pohang £ 0.19 0.81 ] [0.19 0.81 J | 0.19 0.81 |
Fo.46 054 | | 0.45 055 | 0.46 0.547
Taegu | 0.18 0.82 J L0.19 0.81 ] _0.19 0.81 |
F0.49 051 | | 0.49 051 | 050 050 |
Chunju | 0.24 0.76 J toas 0.75 j\ L 025 075 |
049 051 | 0.48 052 | 049 051 |
Ulsan {0_19 0.81 J [0.19 0.81 J | 018 082 |
052 048 | | 052 048 052 048 |

Kwangju | 0.24 0.76J to.25 0.75] Lo.25 0.75
049 051 | 0.48 052 048 0.5zﬁ‘
Pusan | 0.19 0.81] 019 0.81] | 0.19 081 |
051 0.49-‘ 051 0.49 (0.53 0,471
Mokpo | 0.23 0.77 | | 0.23 0.77 023 0.77 |
052 0A48W | 050 0.50 fo.so o.sow
Yosu | 019 081 | | 0.19 0.81 L 0.19 081 |
/ro.55 0.45 ] 055 0.45 ] ‘70.53 0.47 ﬁ}
Cheju | 0.26 0.74 10.26 0.74 | 0.24 0.76 |
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Table 5. The values of ¢ and § at each of
the 14 stations for A case

Station ‘ a 5
Kangnung | 1116.08 10.88
Seoul | 63316 11.40
Inchon  542.00  6.39
Ullung-do 936.17 17.04
Chupungnyong 693.96 6.39
Pohang : 881.21 7.73
Taegu | 71154  7.54
Chonju 695.91 8.24
Ulsan 911.25 2.83
Kwangju 848.16 9.43
Pusan 914.62 8.85
Mokpo 813.76 11.27
Yosu | 109534 913
Cheju 931.26 3.06

Table 6. Transition probabilities of daily
precipitation at Ullung-do in 3
subintervals for A and B cases

Subinterval \Case A B
0.59 041 ’ 056 044}
First 1 031089 | 028072 |
\ 0.56 0.44 0.56 0.44 l
! i !
Second ‘LO.28 04727”_‘ l 0.28 0.72 N
0.57 043  0.54 0.46
Third 026074 | 0.280.72
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Table 7. The annual and seasonal equilibrium probabilities for each case

State | Case ~Annual Spring Summer  Autumn  Winter
L A 031 0.29 0.39 ~0.28 0.27
W B \ 2030 028  0.39 ~0.26 0.28
C 0.29 0.24 0.43 0.23 0.26
A . 0.69 07r o061 072 0.3
D B 0.70 0.72  0.61 0.74 0.72
- B C | 0.71 0.76 057 0.77 0.74
Table 8. The annual equilibrium probabilities for each case at each of the 14 stations
. State . State L
Station ',, W D | Station f W | D
‘alBlclAIB|C AlB|]C A[B |C
Kangnung (0.29:0.29]0.3010. /1 10.7110.70 [ Chonju 0.32]0.33]0.33/0.68[0.67[0.67
Seoul 0.30]0.29:0.29/0.70 {0 71| O 71! Ulsan 0.28,0.27(0.2610.72:0.73/0.74
Inchon 0.2710.27/0.29:0.73 ‘0 73" O 71 K\vangju§0.34‘0.34 0.3410.66/0.6610.66
Ullung-do iO 40/0.3910.38/0.6010.61]0.62  Pusan |0.28 0.27‘0427 0.72,0.73/0.73
i :
Chupung-nyong| 0 32‘0 3110.31/0.68 10469 0.69 . Mokpo 0 3210.32.0.33°0.680.68.0.67
Pohang O.28j0.2/10.27 0.72,0.7310. /3\ Yosu 0 28‘0 2810.2810.72|0.7210.72
Taegu 0.25(0.26]0.26(0.75 0.74 \0A14[ Cheju o 3710.37]0.3410.6310.63]0.66
Table 9. Monthly equilibrium probabilities for each case
o ) ~ Month B N L
State Case 1 2 3 4 5 6 71§ 9 10 11 12
FL 27 28 25 .40 .28 .36 .55 .37 .33 24 .28 .25
W | B 27 30 27 30 .28 34 44 40 31 22 .36 .25
‘T C 25 29 28 26 .28 32 45 40 29 19 26 .24
A 73 72 75 60 .72 64 45 63 67 .76 .72 .75
D i 73 70 7370 ,7;12 66 56 60 69 78 71 .75
Cc 75 71 72 7412 68 .55 60 71 .81 .74 .16
£ AFela oAl gAY A4 A U ZtetAe] slzae dgdAde] A4
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| Zol7k Yty
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Zhe By
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7
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Fig. 1. The equilibrium probabilities of
wet day for Case B in the (a)
southeast coastal region, (b)
southwest coastal region, (c) is-
land region, (d) central region,
and (e) inland region.
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Table 10. The annual and seasonal probabilities of wet and dry day spells, mean re-
currence time and weather cycle for each case

(A) ‘
. n  Spell Weather
Period |State 7 59y 1] 1213 14 15 1617 18 197" Cyele |
anmual | W | 4925 1306 .03 02 01 204]
D | .22 .17 .13 .10 .08 .06 05 .04 .03 .02 02 .01 .01 .01 .01 .01 455 ©
spring | W | 9525 1105 .02 .01 182] .
D | 23.18 .14 .11 .08 .06 .05 .04 .03 .02 .02 .01 .01 01 .01 435] ©
Summer| W | 42 24 14 08 .05 .03 02 01 238 | ¢ o3
D | .27 20 .14 .11 .08 .06 .04 .03 .02 .02 01 01 .01 370 ©
rotamn| W53 25 12 .06 03 01 01 I
D | .20 .16 .13 .10 .08 .07 .05 .04 03 03 .02 .02 .01 01 .01 .01 01 500 ©
Winter | W | 512512 06 03 .01 .01 196 ..
| D | .18 .15 .12 .10 .08 .07 .05 .04 .04 .03 .02 .02 .02 .01 .01 01 .01 .01 01556 "% |
[(B) B
. n Spell Weather
Period | State o e e g 0 11 1213 14 15 1617 18 19" Cycle
anmaal | W | 5027 1105 .03 02 01 199 .
D | .22 .17 .13 .10 .08 .06 .05 04 .03 02 02 02 .01 .01 .01 .01 .01 4.58
soring | W | 57 .30 09 0301 163 .,
D | .22 18 .14 .11 .09 .06 .05 .04 .03 02 .01 .01 .01 .01 410
Summer| W | 42726 13 07 04 .03 02 01 01 239] ¢ 5
D | .27 .19 .14 .10 .08 .06 .04 03 .02 .02 01 .01 .01 .01 384
autamn| W 49727 12705 03 .02 01 01 203 oo
D | .21 16 .13 .10 .08 .06 .05 .04 .03 .03 .02 .02 .02 .01 .01 .01 .01 .01 .01]4.97
Winter | W | 3125 11 06 03 02 01 01 202 o
| D | .20 15 .12 .09 .08 .06 .05 .04 03 .03 02 02 .02 .01 .01 .01 .01 .01 .01|5.27
(¢
. n Spell Weather
Period | Stater 4 "5 6 778 9 10 1112 13 14 15 16 1718 1" Gyele |
orual| W | 5127 AL 05 03 .01 01 189] ¢,
D | 22 .17 .13 .10 .08 .06 .05 .04 03 .02 .02 02 .01 .01 01 .01 01 01 465
soring | W | 57 28 09704 .01 163 o
D | .21 .18 .14 .10 .09 .07 .05 .04 .03 .02 .02 .01 .01 .01 .01 416
Summerl W 142726 13708 .04 .03 02 01 .01 01 238 | ¢ a3
D | .26 .19 .13 .10 .07 .06 .04 .03 .02 .02 01 .01 .01 01 .01 .01 .01 4.05
rotamn] W |55 26 11 04 02 01 , L79| . os
D | 18 .15 .12 .09 .08 .06 .06 05 .04 .03 03 .02 .02 01 .01 01 01 .01 |526
winter | W | 5826 .09 04 02 .01 L0 ¢
D | 21 .17 .13 .10 .08 .06 .05 04 03 02 02 02 01 .01 01 01 01 .01 | 479
FEL 2 Aotk Aedm 244 7174 AL 73del 7)7ke] 8~10delgon, uid
¢ @4 Zol(annual length) 7:%€] 17~ o ¥ A$= 5~6U2 Vehytoh wat 74

1897k 2] W9l FE3 o0, 2(10)9
AR Aede] 1S A B 2,042 7}
AU 2 gl B A$+ 1.994013dr}.

a2l C A$E 1899 % th& Aewrn g
A ebstoh AldE 23 E Anpd o 89

Al&ade] AMdE HF EXoA] 8L 2.38Y
Ax2 713 du, 22 1.63~1.8242 717
A el 53] A

SA1&90] T ASu A tehd W)
B A3 A%, 7he % AL AE BaAS
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el Ud geuAel B89 7149 54

o] o}E AR} o4 AA el &
A(11)8] 937 FA5de 7172 4.55~4.
6530l C A-FollA 713 ZA vepbydoh. A
HAEEE AL 4.79~556U2 7HA Ao
a FelM A RS MR A C gt A
gr}. o Eo 3.70~4.05UZ C A4 7}
A ZAA el 9 Zedd #4d e
A&717e2 ¥ A ¢H & F(annual
weather cycle)2 6.54~6.59%0ln] Add
2E Bo] 5.74~6.172 7}% ®t1 /AR 7
I 55 A9l BRSO AL, C e
7H&oll Jelydt). o] 2L IR F o= felviet
off &g F= 7I4A dEEH #7479
ol A =%k FHFrIe WA A
9l& Aeg ¥r.

4. 892 A
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sk
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olgHEL EF 0.50%Zo|gx, FA5ANA
Fed o AedRe FolydES 77 o.
78~0.793 0.21~0.229 ¥ T & uglod
@9 A7 oF 35 TR A Yepdc

3. BE ASolA el Fad 2o
Fo|H}EL A5 53] 7Y s w2 A
AMEZ = 5= R A4 debd e
7} e ol ZE-2 0.44~0.459) glAHegd
o}
4. A9 AHHFEGS 259 7ke] B
< CAS7F & AauAe] o] A
steh. = AlAE FHHEGS ALo] 023~
0.282] W2 7HA dsgtx o Eo] 0.39¢]4
22 71 xA vhebdoh

5. 7] 24 HE FHFENS =
E AollA AbepAdd ¥, A
odql FF, AF, Hx gz AxY %
Zo} A FelA 03001402 ot AHEN}

r.O
o ¢

=4 veiten ddzE 744 0.44-~0.
552 7} ¥k 1049) 0.19~0.242 7}%
ket
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