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Fig. 1. The seasonal variation of
monthly precipitation on
southern Taiwan
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Table 2. The significant waves computed by harmonic analysis
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BRAEFH

£ ENERBEBKRCRAESN ACF X SE
Table 3. The ACF and SE of irregular variation series

of precipitation on Southern Taiwan.

1-12 010 | 014 | 004| 007 | -009 | -004 | -0.07 | -0.06 | 003 | 000 | 007 | 0.1
SE 007 | 008 | 008 | 008| 008 | 008 | 008 | 008| 008 | 008, 008 | 008
13—24 010 | 006 | 004 | -002| -004 | -004 | -004 | -003 | -003 | 008 | -0,05 | -0,03
SE 008 | 008 | 008 | 008 | 008 008 | 008 | 008 | 008 0.08 | 008 | 008
BE= B 1.2.5.12.13 {HAW ACF KRR -
' = R

—(EEEHEZE » B B3 5 MEEM HDER t A RHRA
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EABH Marquart (Marquart, 1963)
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k;=0.108 ks;=-—0100 k.;=—0.143
k:=0166 k.= 0104 « =-4132
................................................ (20)

EWE AT S TR BT R 8% (
BRR) ~ FEEE (FORN) -~ BRED (B
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Table 4. The classification of the monthly precipitation on southern Taiwan

ENER I A B i S Hh R R K B &
HITAIEER R » 2e% 1047 4EF 1976 ‘EHi4% ARk
KEHZESE (Frequency distribution) 1§
KBS BEE* ¢ FFERAORE KEKK
AEFEEEZ] (Sorcing) » 1 SRR EBERTE
& (Much below normal) {5 n/8% » 2 HEBE
WA E (Below normal) {5 n/d & » 3HE
o (Normal) 15 n/d &k » 40538 RTH
fi5 (Above normal) {4 n/4 % s 5HBBER
e (Much above normal) {5 n/8 %k s #&
1945 BB s REIR M o

* 2k R HEOKERRBASRER—E B
(Normal distribution), n=30&F

(@=L )
(unit: mm)

XK B B o &

Rw| o 0 2 | s

B g | 4 ] S o fE | B %%
1 < 3 4~ 8 | 9~ 17 18~ 38 39 < | 18 16
2 < 4 S~ 10 ‘ 1M~ 17 18~ 40 41 < 18 16
3 < 4 5~ 10 ll~ 20 21~ 70 71 < 27 28
4 < 5 6~ 20 21~ 60 61~125 126 < 61 55
5 < 16 17~ 70 71~200 201~3:0 321 < 159 127
6 < 200 201~345 346 ~450 451 ~680 681 < 398 168
7 < 120 121~300 301~420 431~650 651 < 289 206
8 < 170 171~315 316~470 471~715 716 < 416 217
9 < 75 76~137 138~220 221~420 431 < 231 181
10 < 7 8~ 28 29~ 70 71~205 205 < 82 87
11 < 3 4~ 7 8~ 18 19~130 131 < 41 56
12 < 1 2~ 7 8~ 19 20~ 40 41 < 18 21
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HMFEMUFE A& A BBAERIE (Interval) 25|
BEX o BRARZEREREESE L fin 3. 9.
10.11 SRBHTHEBAELIS 3H » BE» %
AR REEZIGHE K » DR RER DL
ABREAR » RIEEHE PSR AN T IHE » I
R RKBE (Variation) MK » THMHEHT
RAHNRELET o R4 A HFHRAESE
FRERME S BESER KR 90 %REETE
5AZE 10 B s BTAASHER LET s B TEN &
1963 42 1976 484948 5 A% 10 F 4 AR AR
B SR E R KRR (RER) o B Bk
REURTAN A MoK R BSRE Z2 06 405 %
(34/84) » FRE M2 —iRAE 476 % (40/84) » FHZE
Z#E 83% (7/84) »E=HAE 3.6 % (3/84) s &
BT AU » I FeRe— K Il 881%
(74]84) RSEREY o

RE  INEEREREMETE 1963
1976 4= 5-10 Ak

Table 5. The verifications from May

to October during 1963-1976

by additive model

H
LN
o

B A&
Hokt

40,5
47,6
8.3
3.6
0 0

5 6 7 8 9 10|43

O O - o N
O O O o o
O O N N u
O O O v u
O O w o u
O W = & O

h W N~ O

AR5 RILL 5.6.8 % A AN » 7.

9 ARZ » 10 - BEM TR TR
WAEER (RFRA) o BUNHIMEERES 3 IR
2 {RH AR TR » BRFED IR 583 %
(14/24) X 435 % (10/23) > IMAFFRE—E »
RigplmsE 91.7 % (22/24) B 913 % (21/23) »
B AR ATANZR2FAHE 304 % (7/23) » in
forrR A 913 % (21/23) REREM o &
PREKEERERRY 14 SRt 4k AR ARE
BEA—R » THRHER T HEHE 2 K o BMARREKEE
10K » FAFFRBAREKA 2R » RABRTHE
R5%-

G

E:2 31
RN MEBRBWN S5 R KR
Table 6, The verifications of classified
data by additive model
® B OM & K |
~- A
O O ] 2 f 3 l 4 l 5
1 1 2 1 0 0 4
2 2 10 9 2 0 23
3 0 14 [} 2 24
4 2 12 7 2 23
S 0 2 S 2 10
o s | 15| s | 20| 6| s

BRI AN ATHI AT 45 SEEL &
(Components) WWEEL » T AERAHEBE S
REFEREHE » C AERRBEE » I AETH
RISBHE » F-LRAARS BHNER2ERERE »
HABRZEL RN ERE 1 BAZRIER X
B o HORMBEPNBNEEETHE A RXER
HIH SRR > SEvE A RIS R BB TR o

Ft IEERNLSREARTCREERRE
Table 7. The number of zero-rank errors
verified by the components of
additive model

* o
\%z\\ﬁl T+$ T+S+C |T+8+C+I
A g~ B -
5 4 7 | 7
6 6 5 6
7 5 3 5
8 4 5 5
9 2 4 S
10 3 S5 6
& Hi 24 29 34
BB 28,6 345 | 405

%L E HInfEE B R TS H R R B
BEBITEN ZAE A 286% (24/84) » InATE
BREEHTHAIEE 345 % (29/84) + e 6.7 AATAN
ZREWREK BRA » BRI ABRELIIFE
Bt H (Positively) ¥ HEREZ » HINATH AL
BMENE » HIARZREREIRE 405 % (34/84) »
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B& A SARREHSE - BRATEHES K
RGBT EHBE R » MAFRE 1 &>
IR 762 % (64/84) RBHERY » INATEER BB
HERE BB ER 786 % (66/84) s Hin AT HAI
BER > RIfoRra2E | R BEmEEIE=R 881 %
(74/84) > BHEX 7 RBASRESN » HEhE A BB
FE S IEE o

R\ IEEBLSBHENRE 1K (B0 R

Table 8. The number of one-rank errors
(zero-rank errors included)
verified by the components of

additive model

x T
&\E T+S | T+S+C |T+S+C+I
Bl
5 11 12 13
[} 11 12 14
7 11 12 12
8 12 12 14
9 10 9 11
10 9 9 10
& 64 | 66 74
BEEAK | 762 | 786 88.1

M~ 52 ARIMA B TRRIBRILE

Box E& Jenkins (1970) #&fE%H %M &
R ROBZ I R M B LR R RO BB S RO B X, »
R (ETRN » PEBM XIS BEE (Auto-
regression, f§%5 AR) s §i% (Integral, f§7%

BB

I) » ABEFH (Moving average, {5 MA)
=SSR ARIMA X » HATHLEERERZ
HERRTE - 88 - RBERBBHENS T - 2
HIBATRN o & (H1 » 1977 B R ARIMA &2k
SHTERFANEAL A T BB R A KR » RATE
WA o A ARG RIATRSRAG R ARIMA 5%
FRIUZE AR S K RS R F— i - ARIMA
HYERER BB B8 B2 0 Box B Jenkins
R AZCTLEEE o EREE 1959 £1 A=
1976 4F 12 AMER ~ ®ill ~ EF=WEARKE
B Fifin R FE R TR R K B EEE (Z,) »
eapREE (Identification) ~ fiFl (Es-
timation) ~ 2 (Diagnostic checking) X#
B MWESER (Principle of parsimony)
o BABIEEREREAKE ARIMA KRN
Bk

(1-¢.B*—¢::B")(Q1—-BZ,=

B+ (1= 015B12) @ ovreveeeseeervesnnnens [¢3))
$,=0.183 0,=6.812
$13=—0201 0:12=0.755

FENRFETHIERZE Residuals) IVACF K
PACF (R BHHEED » BrE—EEE » 108
BE Q fER 191 AR x* (20) EEFR{E * o FEER
(21) K » THWBRFTEL ¢

Z.=¢sZ -2+ Z—12F+b13Z 15— PaZ 14

B Zros 0o Ay — O1g@ g weeereer (22)

* b B X AEEIRE @=01 B =005,
x? (20) 43RS 28.4 Ed 314

R EWETHERK RN EFEE ACF & SE

Table 9.

The"ACF and SE of the residuals of monthly

precipitation series on southern Taiwan

1—12 007 | 002 | -004 | -0.00 | -0,07
SE 008 | 008 | 008! 008 | 008
13—24 002 | 003 | 008 | -002]| 001
SE 0c8 | 008 | oo0e | oc8 ! 008

-0,01 | -0.02 | -008 | -008 | -0,03 0.08 0.05
0.C8 0,08 0.08 0.08 0.08 0.08 0,08
-0,04 | -C07 | -0,08 | -0.04 008 | -001 0,01
0,08 ‘ 0.08 0.08 0.09 0.09 0.09 0,09
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F+ BEMTHERKRREEZIH:EYN PACF & SE
Table 10, The PACF and SE of the residuals of monthly

precipitation series on southern Taiwan

1-12 0,07 0.02 | -0,04 0, 0| -0.07
SE 0C8 0.c8 0.8 C.08 0,08
13-24 oco 0,02 0.C1 -0.03 0.00
SE 0.08 0,08 0,08 0.08 0,08

-0. 0 | -0.2 -0.C8

0C8 | 008 008 |

-004 | 006 -004 |
008 | 008 |

-6C7 | -0.03
| ! :
| ocs | oos | ocs | 008
‘ t
: f 1
| -0C3 0cCe& -0C1 @ 002
‘ !

b

0cs i 003

I !
i

o.cs | 008

0.08 i 0.08 i 0c8 .

B (22) AWEHESEITHEL S HEKE
ZBRT 2.12.13.14.25 EAGEE » FRZIE
12{8 R % A BENHE - EARRE ANBEEHR
A0 » RIFIE (22) X » FHN 1963 4£2 1976
S5 5 AFE 10 ARRKE » % B EE Sk
B MR RET— AR KELBRERE2F
B 321 % (27/84) » Ba—i 42.9 % (36/
84) » ERETIRCE 202 % (17/84) » RESHRA
48% (4/84) » I FHRE—4% » I 750 %
(63/84) EEFERY » B EFAIERA— B » Ikt
FITAPRE RE 9.10 A PRELUS » KSR G
i ARIMA BR S o

#+—. ARIMA BRERERETLE
1963-1976 4F 5-10 ARk E
Table 11. The verifications from May
to October during 1963 to
1976 by ARIMA model

o K %J 5678 910 azl)
e T lEsk
0 | 4 3 4 4 5 7 | 27 | 321
1 7 8 5 8 5 3 | 36 | 429
2 3 3 4 2 3 2| 17 | 2.2
3 001 01 2 48
4 0 000 0O 0
A~#E R

REREKEIRE (Variation) A » Hil
i#tE: (Continuity) A% » FTUTESRMEE EE > T
MK B AR UTRRE LR o ACHBEMEE »
HEERMESINUERRES BIT LS » YiGe

RN SR 0 o R B R PR R A M R K R e
HITRH: o ERAEB T E » RO IR SRE Bk
W o RERBR TR » FREHES A %
ARERRE » AT A JIrp S Bk AT LR A
B RRBEREEE SRR K ETEHBEEL
HEBKRES SRR EF o JFREB RIS
LDIETE » RIS MRS 1 B » LURHIR 2 =
7 ERWEERE o B LR R A B
BRERHAERE) » BNt BOTHR B8 2]
1.2.5.12.13 [HATHUBEPE o
FRE RIS - FEHRE) - HRBH I AHR
SRB)EHITAN » (R Dokt ZU% 1963 &
1976 F44E 5 HE 10 ARME MBE A K EE
SIRTRR o BRI 2M 64 405%
' RER—IE 4767 » BREZME 83 % » R
Zi#hA 3.6 % o mfuFrRRE— R » RIA 881% %
WERY o TRBILEES 3 R 2 MRk TR R T i
— IR ER AR K A AR VTR (L E o B InEk
BHLAHRSBEMNS  FORPHARREERNR R
HABERRARBEE LA HE RE ) RAE3
TR o BB RN RRARIMA
BASF—HE » BRER 9.10 BB mEMHELSN » H
ghik A1 ARIMA XS o

= B

FEE LRI RERDRBEIRRFRERIE
RCHBRIERT R » DHES BRHE ZAY
BEREHLERLBFEFICHIRTARETE
IE o AR » 1FE Gkt R TEBE T
RAREGLERBIFLEER » XGRS o 1
5t R FRDER LR LR IRT
RARERZR » BTHEBRTLENLE » fFx
BRI ©



34 *

2 £ B ¥

BAMRIE » 1977 ¢ fER ARIMA EXHZEILH AFEE
BERBEEKENMTREN » RARBEE 28 45
3.

/oEEpR 9 1976 BIRGSHER » Vol, 3 pp. 596.

W B ERRMERIR » 1974 : hRBAFRENT »
Box G.E.P, and G.M. Jenkins 1970: Time series

analysis forecasting and control. Holden-Day,
San Francisco, pp. 534.
Marquart, D. W., 1963: An Algorithm for least

square estimation of non-linear parameter.

# 2 HREZE—M

Jour. Soc. Ind. Appl. Maih., 11, 431,

Panofsky H.A. and G. W. Brier, 1965: Some
Applications of Statistics 1o Meteorology. The
Penn. State Univ. pp. 224,

Shun-Der Ko 1975: Surface wind field and
precipitation activity over Taiwan in
Meiyu season. 1974-annual report of the
Institute of Physics, Academia Sinica.

Vujica Yevjevich, 1972: Stochastic Processes in
Hydrology. Water Resources Publications
Fort collins, Colorado, U.S.A. pp. 276,

A Study of Long-Term Precipitation Forecast

for the Southern Taiwan by Using
a Statistical Method

Chung-Ying Hu
Central Weather Bureau, Taipei, ROC.

ABSTRACT

This paper presents a statistical additive model to study the feasibility of long-
term precipitation forecast for the southern Taiwan area. First, the secular trend of
the time series was fitted linearly by employing the least square method, then the
gseasonal and cyclical variations were obtained by monthly median and harmonic analysis
respectively. Finally the stochastic linearly auto-regressive model was applied to derive
the irregular variation of the said time series.

Using this additive model we have forecasted the ranks of monthly precipitation
for the southern Taiwan area from May to October during the period 1963 to 1976.

The result of verifications shows that this model is quite feasible.

In comparison

with time series ARIMA model (Box and Jenkins, 1970) it is found that this model

performs much better.



