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ABSTRACT

In the past, difference and detrended methods were usually used in analyzing long-
memory hydrological time series. Recently, a k-factor GARMA model was proposed to
model long-memory time series, and its forecasting results are better than conventional

methods. The major purpose of this study is to examine the suitability of this model, and
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then apply it to monthly riverflow data of Taiwan.

In this study, approximate maximum likelihood method proposed by Hosking(1984)
is used to estimate the parameters of k-factor GARMA model, and AIC and BIC are used
for model identification. Besides, MSE | MAPE and UI are used as criteria for comparison
of forecasting. The accuracy of approximate maximum likelihood method is affected by
sample size. The larger the sample size, the better parameter estimation accuracy. The
results of model identification are affected by parameter and sample size. The BIC
criterion has better results in model identification than AIC criterion. On the other hand,
the performance of k-factor GARMA model is better than detrended model in preserving
skewness when real data are analyzed. To the opposite, detrended model fits better to the

mean and variance than k-factor GARMA model. The forecasting results show that k-
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factor GARMA model is better than detrended model, especially the low streamflow .
In conclusion, k-factor GARMA model has better forecasting ability than detrended
model, and improves preserving skewness. In general, the 4-factor GARMA model is a

reasonable model for the monthly riverflow forecasting of Taiwan.
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T RH 1% AR 1958-1997 480 13.36 370.66 2.92
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#OX 2
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I-factor 0.80 0.40 0.80 0.40 1.0t
GARMA(0,0) 0.000) (0.001) (0.004)
1-factor 0.70 0.80 0.40 0.68 0.81 0.41 1.01
GARMA(1,0) (0.002) (0.000) 0.001) (0.004)
1-factor 0.70 0.80 0.40 0.71 0.80 0.41 1.00
GARMA(0,1) (0.001) (0.000) (0.001) (0.006)
I-factor 1.20 | -0.50 0.80 0.40 1.19 -0.49 0.80 0.40 1.00
GARMA(2,0) 0.012) | (0.011) (0.000) (0.005) (0.004)
I-factor 030 | 040 | 0.80 0.40 0.31 0.40 0.80 0.41 1.01
GARMA(0,2) (0.003) | (0.002) | (0.000) 0.001) (0.004)
1-factor 0.80 -0.60 0.80 0.40 0.77 -0.60 0.81 0.42 1.02
GARMA(I,1) (0.004) (0.002) (0.001) (0.001) (0.005)
2-factor 0.30 0.80 [ 0.60 | 0.40 | 0.30 0.28 0.79 0.62 0.40 0.30 1.00
GARMA(L,0) (0.006) (0.003) | (0.004) | (0.003) | (0.002) | (0.004)
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x3 CRENSEIAERERENERERCA

# (BRAEL 500)
3 X8 R R

il AiC)& 4§BIC
I-factor GARMA(0,0) 74 99
I-factor GARMAC(1,0) 80 98
I-factor GARMA(0,1) 71 97
I-factor GARMA(2,0) 91 99
I-factor GARMA(0,2) 73 98
I-factor GARMA(1,1) 80 98
2-factor GARMA(1,0) 60 67
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B RAEERZREREARKITE 2.19~4.58 ] -
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STATION: YUN-FENG € 114eH@21)
200.
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x4 ZREVZENESELR

HX 4K RSy
] 35 X
AR B8 | Q—test | CP—test
GARMA (1-1.74B + B*)*®(1-1.00B + B} (LnY, -2.487) =q, 7 Pass Pass
B 2
Mg X (1-0.358B)Z, = a, 26 Pass Pass
GARMA (1-1.748 + B*)*¥(1+0.968 + B (LnY, -1.672) =aq, 7 Pass Pass
%A
A X (1-0.361B)Z, = a, 26 Pass Pass
GARMA | (1-1.74B + B*)*3%(1 4+ BH*'2(LnY, - 2.621) =(1-0.321B)q, 8 Pass Pass
ol
g X Z, =(1+0.295B)aq, 26 Pass Pass
GARMA (1-1.74B + BHY*3(1-1.008 + BY)*'\(LnY, -1.332) =gq, 7 Pass Pass
[ (1-0.335B)Z, = q, 26 Pass Pass
(1-1.74B + BHY*3 (1= 1.00B + B} (LnY, - 3.042)
GARMA 8 Pass Pass
& = (1-0.309B)q,
T HAE X (1-0.347B)Z, = q, 26 Pass Pass
GARMA (1-1.748+ BH*1° (1 + B%) (LnY, —1.866) = q, 7 Pass Pass
Zk
i S X, (1-0221B)Z, = a, 26 Pass Pass
(1+0.301B)(1 - 1.74B + B)**(1+1.00B + B%)*"?
GARMA 8 Pass Pass
TR (LnY, —1.838) = q,
M B X (1-0.298B)Z, = q, 26 Pass Pass
(1-1.74B + B3’ (1+1.00B + pH*%(Lny,-2.033) 8 | NoPass Pass
GARMA
3 =(1-0.392B)q,
Mg X Z,=(1 +O.2153+0.227Bz)a, 27 Pass Pass
(1-1.74B + B%)*3¥(1 - 1.00B + BH)**¥(LnY, — 2.479)
GARMA 9 No Pass Pass
E3 =(1-0.7658 +0.5008%)q,
M X (1-0.239B)Z, = q, ) 26 Pass Pass
(1-1.74B + BH)®45(1+0.548 + B)*%(LnY, -3.064)
GARMA 8 Pass Pass
S =(1-0.360B)q,
B4 X (1-0.414B)Z, = q, 26 Pass Pass
GARMA (1-1.74B + B (1 +1.84B + BH)* (LnY, -3.788) =gq, 7 Pass Pass
& F R
e 4 X, (1-0.429B)Z, = q, 26 Pass Pass
GARMA | (1+03108)1-1.74B + B)*38(1+ BHY™? (Lny, -1.414) = g, 8 | NoPass Pass
Ny
[ N (1 -0.3153-—0.03132)2, =a, 27 No Pass Pass
GARMA (1-1.748 + B3P (1 + BH)*(LnY, -3.650) =4, 7 | No Pass Pass
PN
Mg X, (1-0.409B)Z, = q, 26 Pass Pass

# 1 Z,,=(,-1)/s,
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5 FRIRIEERBERIBRESR » k- factor GARMA 83 (7). IRBER () (P TEAKRZIE
RBNEREES 2 FERIERRITARE)

ffo HEm S R REFRE N ERIBEBE - H
QEAREERZERBEESE THE - AHE ERRERBCRFELNITE » kfactor
st k-factor GARMA B30 A] DU s ib % GARMA #3 BIE BERBIRA -
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x5 BREWMSIFHERFEEDLLR ®6 [REBWBRINFRAIBELLER

A 35 X PIE | #EE | MEKK A 35 # X MSE | MAPE Ul
Bsskw | 17.67 | 380.78 2.85 GARMA | 2039 | 514 0.63
%4 | GARMA | 16.17 { 227.36 3.05 2% Be#di X, | 205.0 | 702 0.63
M X, | 17.50 | 372.57 1.60 GARMA | 37.1 42.5 0.61
Bss31 | 711 48.15 2.82 A RAEX | 360 58.8 0.60
#74A | GARMA | 6.78 31.03 2.62 . GARMA | 1042 | 41.0 0.52
B X | 7.06 47.17 1.60 ol g X | 1147 | 554 0.54
BisAs | 1771 | 24251 274 1 GARMA | 1033 | 59.4 0.82
i) | GARMA | 16.88 | 149.59 2.35 X | 1068 | 87.1 0.83
PR | 17.68 | 24291 1.66 .. GARMA | 610.0 | 573 0.62
BAsA7 | 6.03 58.41 423 B i X | 6800 | 789 0.65
%A% | GARMA | 5.70 40.32 3.59 e GARMA | 463 66.8 0.60
TR | 596 57.18 1.70 PR X | 388 88.0 0.55
Bt 7 | 3026 | 1200.95 3.40 . GARMA | 2562 | 61.8 0.70
%4 | GARMA | 2824 | 70847 3.03 s X | 2088 | 809 0.63
BB X, | 29.97 | 117133 1.82 i GARMA | 217.6 | 56.8 0.55
B A5 | 881 60.97 233 e MK | 1918 | 687 0.51
z4 | GARMA | 881 69.89 3.16 i GARMA | 1909 | 370 0.55
e X, | 875 60.16 1.17 Mg X | 2187 | 60.1 0.59
BR3) | 13.36 | 370.66 2.92 s GARMA | 3837 | 1139 | 0.66
1B | GARMA | 1397 | 576.38 5.03 B X | 5661 | 1217 [ 0.80
BeaE X | 1322 | 36327 1.51 b gk GARMA | 6011.9 | 1106 | 0.70
Basa) | 18.97 | 742.59 2.34 Frdkg X | 67147 | 141.6 0.74
3 | GARMA | 1699 | 776.67 4.42 ) GARMA | 438 45.7 0.43
By X | 18.88 | 737.56 1.74 o RHEX | 130 68.0 0.71
Bis i) | 2445 | 93148 2.19 T GARMA [ 1627.6 | 48.8 0.55
d#% | GARMA | 24.03 | 163246 5.43 PR K | 15424 | 673 0.54
R X | 2428 | 91850 1.51
B4s5 5 | 33.88 | 1730.86 2.52
4 | GARMA | 3525 | 224802 | 392 | OC B
WA | 33.63 | 170730 133 (DA EZ PEE - BT HC & 3 B E RS 547
ox B4sm 7 | 90.50 | 14017.75 |  2.39 ) u(ﬁiﬁ I o
o LOARMA [ 9049 [2527748| 535 ( ﬁfﬁﬂﬁ%iﬁfﬁhﬂ%%ﬁ@”f/ﬁ%
ma X | 89.86 | 13868.87 | 1.18 L A EEFREE AR EEE
Bisma | 570 | 4463 4.58 AREAST AT ©
Ly | GARMA | 533 20.33 2.66
hBEEX | 567 43.12 221 ' SF M
_ | BEAEF | 5732 | 371934 | 262 1. BRI~ HEERE » T REEBAR N FZ S T—
Z’fz GARMA | 54.10 | 2767.41 3.19 Wk, BEAFET . B=+H8 5
X | 57.02 | 3694.27 1.72 =HA . 23 H-32H 5 1989 -
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