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Forecasting Probability of Precipitation Using
Morkov Logistic Regression Model*

Jeong Soo Park?) and Yun Seon Kim?

Abstract

A three-state Markov logistic regression model is suggested to forecast the prob-
ability of tomorrow’s precipitation based on the current meteoroclogical situation.
The suggested model turns out to be better than Markov regression model in the
sense of the mean squared error of forecasting for the rainfall data of Seoul area.
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nRE AARFE o|&3e FLTFE Ao AL @2 AGH AN E vtz
AAE 18R 4L eI ARY L ALY (RFYH FHFH, 1995). A= 2
BEHE 271802 @437 Yk

£ =EoA -, Fraedrich 59 =88 FFA7 2224, 25 FulE Al A 4
HE Uie 3%, S H2 3%, 39 34, 02 A2 o] njzZz 229 JA &
BE AL ZTHZES ST ¢ ASE U 28 AL N F9 A5 ARE o] &
3to] 7129 vtz ARG A G RY L w2t

2. 2AAE 3ARY

XE A9, Y 1309 32 Zde oA 3dssz 8o, PY =1|X)= o
S 2A2Y JARYgor TEAC}Y /A o)

* This research was supported by KOSEF (F01-2004-000-10351-0).
1) Professor, Department of Statistics, Chonnam National University, Gwangju 500-757, Korea.

Correspondence : jspark@chonnam.ac.kr
2) Manager, HR Planning Group, Korea Marketing, LG Electronics Inc.



2 Jeong Soo Park and Yun Seon Kim

exp(Bo + B'x)
PV =11%) =1 +exp(fo + B'x)
ol 4o) B4R AeERWE AsBh
WFe 8 g/l2 38 Ry 185y 8A o33 2o 33" 22 Y B
% o] Y2 3}t} (Albert and Anderson, 1984). &’ = (z,...,zp) °|2 H¥ (Hy,...,H,)9
Qo)L j = 1,...,900 d3ke] ;& y = jol Feroleky EAISHAL BN o = 10|
21 Frh

P(H,|z) = exp(B,x)P(H,lz), (s=1,...,9-1)

1
PE) = T oo+ T ool m)
A7NM pe BHFY AFolx g& JAY gtk Es =1,...,9 -1 o A
B, = (Bsgs- -, Bsp) ©1IL B, = 00Ith WHE7L A A F$E s RAL. P(Hylz) =
Ply=0lz) d,Y =04 &2

P(Holx) =

1
1 + exp(B) %) + exp(By)
oI, Y=14#ERXY =294 &2 4%

_ exp Bz
P(thle) = 1 + exp(B12) + exp(B;)
P(Hz) = exp B2

1+ exp(Bix) + exp(By)
A 714 B TEIH TEIIA, Byt TH29 TTAN 39 Bl
g=32 A%, By =00l $ oW, 21 SEPFE TS} 2t

logL(yl,yz, ERR 7y‘n-|w) ﬁ)

= Z Z log ( 7 exp«lm = ﬁjy.z-))

_ exp(B; ) < exp(By) )
— 2l (1 + exp(Biz) + eXP(ﬁ’zw)> + 2 s {7y exp(8:1z) + exp(B;)

i€Hy

" '231 ® (1 + exp(ﬂlw; + exp(ﬂzm))

Wggho] 37 oA AL, ST H3} ALt 173'311?‘]7] “ﬂ—'-°ﬂ Begg and
Gray (1984)2 Hdo 22X T¢ 2228 JAFAFE F A 3= AL ASUt 2&
< A ES Yol SEFTE HUSEiA 3 AR 3A daEA 3} = ol
AW AZARo WYrh B =EoA X Begg and Gray %8¢ wadt} 232340
s3tHog AY HE 73] o2l $ 22 Newton-Raphson i} 22 -:—Z]"*“J‘?d =
AHE-3 ). AA2 SASS Proc LogisticS o] &Rt} (343, 1989).
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3. uj3= 2AAY ALY
3.1. = ALY

Y(i,t)8 1 E£ 09 §S Z& o|A¥isety & o, vt = JFARY L ot g 20
Ed80 A DAY =0 o p7R9] 33 ol A,

Y (i,t) = ap + a1z1(4,t) + - - + apxp(i, )

oliL, A 71A o = (ag,...,ap)E A QALY =08 W9 I ARYe Bpojrt. A &
AZLY =1Y o,
) Y(i,t) =09+ 01$1(i, t) +---+ 0,,z,,(z’,t)

olty. A7A, 0 = (By,...,0,)= A DAY =19 W] ALY Bfolth a1
ARAZLY =09 o) d A JEAE B

Y(i,t+1) = & + dyzy (it + 1) + - - - + Gz, (6, ¢ + 1)
o]t}. Fraedrich and Leslie (1987, 1988)-2 o]& X7} 02t} 2 &= V& 022 1,
Y7l 180 2 A$ole 12 353k vlam 3AEA whgo] A4 asA W,
Y=49 3$= 1,V =119 BL=E 12 ¥7) g8 £A7 Aok g9 27
28 92 03} 1Ak0]9) gho] £ATER o] AA T ug A st

3.2. 2- 4] vjz= 2AAY ALY
1 EE09 e z= o)A el Y(4i,t),i=1,...,N,t =0,1,..., TS 3183}
7|4 N2 B89 3718 D33 t+= AP L D3k X(5,1)={X1(,t),..., X, (5, 1)} =
p-3e] FHF (covariates) W E ojth. AH o WA Y(3,¢),t =0,1,..., T+ AH
tol]l whebaA W3lehE 2-AE] ntR = ddely JHA ST FolFEL Ui 2o 73
t}.

P{Y(i,t) = 1Y (i,t - 1) = 0} = pis,
P{Y(i,t) = 0|V (i,t — 1) = 1} = gis.

pir= X340 mebA @bty 3 FL o] XNLE Wt 2R &Y e #A T Yok
74859, nfRz 2EXAE ARYL v 20 (Zhang and Medoff-Cooper, 1996).

log {T%;T} = X (i, ) = 0 + X1(6, s + -+ + Xp(i, )
— Pit

log {%} = X(i,£)0 = 0, + X1(i,£)8, + - + X, (i, )0
— 4t
z719 &S
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22 #7)8h=dl, mo(Y(3,0)9 22 BEL FEASF Y (5,0)0] = gholl hE 2718
< Uehdth 223 Fo|&ES o}HAY BAIG £,1=0,1 o) }F}S,

mit(k, ) = P{Y (i,t) =1l|Y (i,t — 1) = k}.

BT mu (Yt - 1),Y(5,1)2 SEHSF Y(i,t - 1)7F 2= @A &EHs Y607
e geze FolgES EAYUT 2 2RH oM AALAE (Y1)t =
0,1,...., N}l A& 21 $ =5+ &34 2.

T
Li(Y(i,t),t =0,1,...,T) =logmo(Y(i,0)) + > _logme (Y (i,t — 1), Y (i,2)). (3.1)

t=1

W F AR & e,

XT:logmt(Y(z t—1),Y(i,t)) = zT:logﬂ',t(O Y (i,t)) +ZT:log7r,t(Y(z t—1),0)
- = Ziza) + L;(0) - (3.2)
olEg 4 (31)9 21 ¢x¥d4E
Li(Y(5,t),t =0,1,...,T) = log mio(Y (3,0)) + Li(c) + L;(6)
ol At} 4 (3.2)0lH 29 Fo)%EH 2/1%EL 27
pir = P(Y(5,8) = 1|Y (i, — 1) = 0)
mi0(0,Y (i, 1)) = pig (1 = pie)? 70
olthk. Al (3.2)o A Y(i,t — 1)= 0 B+ 19 %S Z+=d, Y(i,t - 1) = 1614
log m3x(0, Y (5,1)) = ¥ (i, ) log T — - +log(1 — pir)
ﬂ1Y@ndhwﬂzﬂwH%QAW-—a4ﬂw

log m¢(0,Y (¢,t)) = ao1 log

1 + (ago + ao1) log(1 — pi:)- (3.3)

017]A-] akl‘\:'y k7l =0s1°“ EH.G}'O:]’

Wb Y@t-1)=Fk and Y(i,t) =
“Tlo, 29 A%

oltl. 4] (3.3)2 4] (3.2)9) Li(a), Li(0)°ll 7 13t = ofef &t Z).
Y(@,t—1) =09 df,

Li{a)= Z [am log { 7 -Iji;m } + {aoo + ao1 } log {1 — pis}| - (34)

t
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Y(i,t—1)=1¥ oj,
L1(0) = Z [am log { 1 zth } + {au + am}log{l — q,'t}:l . (35)

t it

4 (3.4)°l log{pi/(1 — pit)} = X (i, t)a, 4 (3.5)°0 log{git/(1 - gr)} = X(3,1)08 Z
Zr ol sk,

Li(a) = Z [ao1X(i, t)a — {aoo + ao1} log {1 +eX e }]

t

Li(9) = Z [aloX(i,t)o —{a11 + a10}log {1 + eX(i")e}]

t

2 {50, 2Z AL AL 20 $EYSE O3 2o
N N
la,8) = ZLi(a) + ZLi(e) =l(a) +1(9).

el °EJJr7s‘°i—rF4 B adt b= 5PFHoE -rl:‘El" l(a) u6) 2%¥ 4z o
E 3R T AN BEF a2t S 78_5]'7] Aot HLFAYE ol 8AT} o] =l
M SASY 24 WYL o]§ste] FH

3.3. 3-4e] njz = 222 ALY
ol 323 W& 0,1, 2 F, 3AEZ &3t ZEA 23A o A
Y(i,t), t =0,1,...,T& AR tol] whepA H3sh= 3-48 vz dAdeta 7ML,
Fo] & 1:}#4 Zo] #7381}
P{Y(i,t) =0Y (i,t - 1) = 1} = pir
P{Y(i,t) = 0¥ (i,t — 1) = 2} = g
P{Y(@i,t)=1Y(i,t —1) =0} =73
P{Y(i,t) = 1|]Y(5,t — 1) = 2} = sy
P{Y(i,t) = 2|Y(5,t — 1) = 0} =t
P{Y(i,t) =2)Y(i,t — 1) = 1} = uy.

289 npEs 2AAE HARYL olg) 2o) 677 Ak,

log { - Pz‘; } = X (i,t)a = ao + X1 (i, t)ar + - + Xp(i, )y
— Pit

log{l q“q } =X (4,t)0 = 0 + X1(4,t)01 + - - - + X, (3, )0,
— Yit

Ti , . .
log{1 —tr~t} =Xy =v%+X1(G )7+ + Xp(@, )y
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T
1—si
tit
1-1t;

Uit

{1 — U't} =X, t)yn=n + X105, t)m + - - + Xp(i, t)np.

{ Sit } = X(i,t)e = €9 + X1(i,t)er + - -+ + X3, t)ep
{

log
log } = X (i,t)6 = 8o + X1(5,£)61 + - - + X, (3, )5
log

2-Ae] Aol e YHog 2125 HSE ST

T
Li(Y(5,t),t=0,1,...,T) = logmo(Y(3,0)) + > _logmx(Y (i,t — 1), Y (i, 1))
= logmio(Y (i, 0)) + Li(a) + Ls(8)
+L1,(’)’) + Li(E) + Ll(é) + Ll('r;) (36)

olt}. Li(ex), Li(0), Li(7), Li(€), Li(8), Li(n)L 3.2E M} 22 AAELE AXT {FA3E
£71% AE3t] THA) ofel9) o] HETTH

Lila) =Y [aloX(i,t)a —{au1 +aio + a2} log {1 + eX(i't)a}]
t

Li(6)=>" [azoX(i, )0 — {ags + azo + az } log {1 N eX(i,t)e}]

t

Li(v) = Z [amX(i, t)y — {aoo + ao1 + a2} log {1 + eX(i’tW}]
n

Li(e) = Z an X (i,t)e — {az2 + a21 + azx}log {1 + ex(i’t)‘y}]
— |

Li(é) = Z r‘102X(i,t)5 — {ago + ao2 + ap1 } log {1 + eX(i,t)é}]

t

Li(n) = Z a12X (i, t)n — {a11 + a12 + ajo}log {1 + ex(i’tm}] )
— |

A2, 458 AW A 23 $EFSE TR 2ok

o, 0,v,€,6,m)

N N N N N N
=Y "Li(a)+Y_Li(0)+ > Li(v) + Y_Li(e) + > Li(8) + > _ L(m)
i=1 =1 i=1 i=1 i=1 i=1
= Li(a) + 1;(0) + Li(y) + li(e) + 1;(8) + Li(n).
B4 a,0,7,€6,0% Li(a),l(0),1:(7),li(e), i(8), k(M ZFH A4t SPFH 22 HFH
g 238 $ Yok AAE HLFAX e A B33 o) £l Begg and Gray2)
YL o] &5t} THT} o) & o] &3}, dEES A DAL B, Y =0U FEL2
1
" T+ exp(v'z) + exp(d'x)

P(Y; =0|x,Y;_; = 0)
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o1, Y =19 &3 Y =24 ¥&2 7%
_ —0 = exp(7'z)
P(Ye =1 Y1 = 0) = 1 + exp(y'zx) + exp(é'x)
exp(d'z)
1+ exp(v'z) + exp(d'z)
olth. A ©A7F 1Y A9 29 AR FEEE 22 WHoE 3 4 Ik

P(Y, = 2x,Y1 = 0) =

4. AA A7 LA

gAY ZeAge] i3 71&9) 348 v AR v A2E 3
ARFPE vyt A5 717+ 19889 3¢ 1Y4RE 1996 6€¥ 30 (cFA 94], A
g 9Al)7HA o] 1, ’EG W 4= RAIN-B(0), 3(1), ¥l(2)°loh A8 S (1070
9] ¥W4)= VR850(A T 2+%)-850hPa, VV850(F<)-850hPa, S850(uH&e] HEAE)-
850hPa, DW850 (Dewpoint Depression)-850hPa, SHA700( %} ©] 5 )-700hPa, SP(EH
714}), cloudl, cloud2, cloud3, cloud4(2%)-83-(0-2), +EZ&(3-5), +8%S(6-7), &
F(8-10)olth. A5 E 4AEE UFo] AREE BEAs ) 1988d~1993d A5 E °]
43t 248 2T, 19943~-1996'3 Ag ol A A& 33 AAZE vk

nEE HARNL Fu VS, d&gol 1& 234 AY S48 72 & 397 34
e, AA g A4S Eode 18 23 B 18, S50/W 022 A g
& X2} AA|gko] X F=A golr 7} §)8 EMSEP (Empirical Mean Squared Error
of Prediction) &, 37, (#i — v:)?/n& ©]- &8t} o] gto) AL E o2 FEo] i1
g 4 Yoy I E 224 F ALY A= EMSEPR Y 1 [I(y =1) —p(Y; = ui))*/n
£ A& 8t

F 412 A A% EMSEPEXA, A ©A7 06 A% &, A dAZ #3d of v}
Tz X2 3]7EA e EMSEPE 010601, vt Z 37 £A4Q 73-¢o EMSEP+
013924 vtiZ 2 2E AR o 2 ZF4E o A 247 14 5929
AFTANE AR 2 utFZ 22 J RN o F2 AHE QA £ AE,
Ve, AL ARAME 2 2FHE dATHA7 G FAH A3 AARA 42

E 4.1 A He] &< 372 EMSEP

AHA
IARY 0(%H=) | 1(=3) | 20
npAx 22 3R | 0.1058 | 0.1164 | 0.2067
nFz AR 0.1391 | 0.2337 | 0.5138

AA g A IS via st & 428 22 2FHAE YT & =AM E ALAA
0 B2 B¢ AA AT
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E 4.2: AEAHY

359 AAR ddge] v

AGAZ 0 F% (2 F%)
TE gk
AAZ | 0(FL) (%) [ 12 2) (%) | 209) (%)
0(ee) | 114 (93.44) | 8(6.56) | 0 (0.00)
1(z3)| 6(8.00) | 57(76.00) | 12 (16.00)
2(8)) | 0 (0.00) 1(50.00) | 1 (50.00)
5. A8

F4RUE F A9 A2 U 99 vhna AARYL o8] 24 REL
dlBE 4 Ql=o} (Fraedrich and Kirk, 1998; Fraedrich and Leslie, 1987, 1988), & =
2ol A 34 (02 BE AE, 18 38 48, 25 w7k & 4) 2 AR vpma
2AaY HALY) 2L AGIL, 24 FEE dZ3h Pl ohal =933
a8 A NG 7 AR E 0]83t 7L vEZ AR v 2R A
ARYE vludt, o33 2 dES 4t

AR, 2 HARYL & A4S, VY Fol 12 2AAY 258 7HAE Lot
A7led, AAZ+ 1€ 2931H 12, F50|H 022 A3ty v& FE& 31
A, o3 g ANI HE M) Y3ld, =5 o]EFH o= T wiFAFEE $
A =% 3dA vt 2ALE JARYE AR Z FE A EHE S o] ¢
Fo-.

ER, A2A9E &, 95, 1S, AL AZE &9 £4& g, s
IARYERY v 27 vtz X2 IFARYH] S FFAFLA HolA o
F2 435 2UT-

IEFH

ﬂ¥'4
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