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Abstract 

In recent years, the extreme rainfall events become more and more so that result in 

many flood disasters that make residents’ lives and property suffered a serious threat. In 

order to reduce flood damage, real-time flood forecasting has become an important 

research topic. 

Research analysis was processed with flood events of Tseng-Wen Reservoir 

Watershed and Chi-Lan River basin. This study constituted several forecasting models 

of hourly stream discharge based on AR(2) model and Naïve model, and correct the 

problem of forecasting time lag phenomenon by considering rainfall data. 

The discussion of rainfall data is divided in two parts. First part is that discuss the 

relationship between increment of rainfall and increment of discharge. By identify the 

increment of rainfall (rain-burst) which can make discharge significantly increase in a 

short time, we can establish the function of relationship between increment of rainfall 

and increment of discharge and combined with AR(2) model to correct the problem of 

forecasting time lag phenomenon which result from rain-burst effect. Second part is that 

apply the concept of unit hydrograph to establish response function between rainfall 

difference and discharge difference by linear regression, use data of rainfall difference 

before prediction time to estimate discharge difference on prediction time and combined 

with Naïve model to forecast hourly discharge. By considering the trend of rainfall 

variations, significantly improve the problem of forecasting time lag phenomenon. 

The results of research shows that AR(2) model by considering the rain-burst effect 

can improve the problem of forecasting time lag phenomenon and enhance CP value by 

reducing the prediction error on peak time. And the performance of Naïve model which 

combined with response function is significantly better than other models. This result 
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demonstrates that considering the trend of rainfall variations is very effective to improve 

the problem of forecasting time lag phenomenon. 

 

Keywords Time series, AR(2) model, Naïve model, Rain-burst effect, Unit hydrograph, 

Response function 
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2.1   

    

 

    

ARMA ARMA Box

Jenkins 1970 ARMA ARMA(p,q) p

(Auto-regressive) q (Moving-average)

ARMA p q

 

�� = ������ + ������ + ⋯ + �!���! + "� + #�"��� + ⋯ + #$"��$      (2-1) �� {"�}�%�& ~'(0, )*�);{��, ��, ⋯ �!}
; {#�, #�, ⋯ #$}  

    ARMA

(Strictly 

Stationary) (Weakly Stationary) {��}�%�&
k (�/1�, �/1�, ⋯ �/12) k m

(�/1�13 , �/1�13 , ⋯ �/1213)
k m  

4(�/1�, �/1�, ⋯ �/12) = 4(�/1�13 , �/1�13 , ⋯ �/1213)         (2-2) 

k 5 ∈ '{1,2, ⋯ }  

    (1) 9(�/) = :  (2) ;"<(�/) = >?  (3) 
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@AB(�/ , �/13) = >3  i=1,2,…

 

2.1.1 AR(p)  

    AR(p) ARMA(p,0) ARMA

p

AR(p)  

�� = ������ + ������ + ⋯ + �!���! + "�            (2-3) �� p "� {"�}�%�& ~'(0, )*�) p=2

AR(2)  

�� = ������ + ������ + "�                      (2-4) 

AR(2)  

C |��| < 1�� + �� < 1�� − �� < 1                          (2-5) 

2.1.2 AR(p)  

    AR(p) ACF{FG}G%�& (tail-off)

PACF{�22}2%�& (�2G AR(k) j ) (cut-off)

p ACF PACF

2-1 2-2 2-1 ACF PACF

2

AR(2)  

2.1.3  AR(p)  

   AR(p) Yule-Walker  

AR(p)  

�� = ������ + ������ + ⋯ + �!���! + "�            (2-6) 
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���2 (2-6)  

���2�� = �����2���� + �����2���� + ⋯ + �!���2���! + ���2"�   (2-7)   

 

9(���2��) = ��9(���2����) + ��9(���2����) + ⋯ + �!9(���2���!) + 9(���2"�)   

(2-7) 

  9(���2��) = >2   

>2 = ��>2�� + ��>2�� + ⋯ + �!>2�!              (2-8) 

>?  

F2 = ��F2�� + ��F2�� + ⋯ + �!F2�!              (2-9) 

k=1,2,…,p,p+1,… (2-9) p (k=1,2,…p) 

H F� = ��F? + ��F� + ⋯ + �!F!��F� = ��F� + ��F? + ⋯ + �!F!��⋮    F! = ��F!�� + ��F!�� + ⋯ + �!F?
             (2-10) 

  (2-10)  

JF�F�⋮F!
K = J 1F�⋮F!��

F�1⋮F!��
⋯⋯⋱⋯

F!��F!��⋮1 K J����⋮�!
K               (2-11) 

 

J����⋮�!
K = J 1F�⋮F!��

F�1⋮F!��
⋯⋯⋱⋯

F!��F!��⋮1 K
��

JF�F�⋮F!
K              (2-12) 

AR(p) {��, ��, … , �!} Yule-Walker  

 

(1) AR(1) �M� = [1]��F� = F�                                    (2-13) 

(2) AR(2) N�M��M�O = N 1F�F�1 O�� PF�F�Q 
     R�M� = ST(��SU)��STU�M� = SU�STU��STU

                                        (2-14) 
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2.3  

    5  

(1) (Correlation Coefficient, r) 

<(V�, VW�) = ∑ (V� − VY)(VW� − VWY)Z�%�\∑ (V� − VY)�Z�%� ^∑ (VW� − VWY)�Z�%�
 

                             −1 ≤ < ≤ 1                        (2-15) 

VY = , VWY =  

0

 

(2)  (Root-mean-squared error, RMSE) 

`ab9 = c1d e(V� − VW�)�Z
�%�  

0 ≤ `ab9 < ∞                   (2-16) 

    

 

(3)  (Error of prediction on peak time, ����) 

���� =
 !" −  $!"

 !"
× 100% 

−∞ < ���� < ∞                  (2-17) 

 !" = ,   $!" =  
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(4)  (Coefficient of efficiency, CE) 

CE = 1 − 
∑ ) ! −  $!*+,

!-.
∑ ( ! −  2)+,

!-.
 

                              −∞ < 4� ≤ 1                    (2-18) 

 2 =  
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(5)  (Coefficient of persistence, CP) 
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∑ ) ! −  $!*+,
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∑ ( ! −  !67)+,
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 !67 = 8 − 9  
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4.2  Naïve  

Naïve p=1 AR(1)  

   ! = :. !6. + ?!                           (4-1) 

    :. 1 AR(1)

t

 

    Naïve 

(4-2) 

 $! =  !6.                             (4-2) 

t t-1

r

CP k=1 0 Naïve 

Naïve 

Naïve  

4.3   AR(2)  

    AR(2) :;., :;+ (2-14)

 

⎩⎪⎨
⎪⎧   #$% = &%(1 − &))1 − &%)

#$) = &) − &%)
1 − &%)

 

AR(2) #$%, #$) 

#$% = 1.33,   #$) = −0.35 

AR(2) AR(2)  

+-/ = 1.33+/2% − 0.35+/2)                     (4-3) 
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 AR(2) #$%, #$) 

#$% = 1.33,   #$) = −0.35 

AR(2) AR(2)  

+-/ = 1.44+/2% − 0.48+/2)                     (4-4) 

AR(2) 

 

4.4  rain-burst AR(2)  

    

 

    

(ΔR)

(ΔQ)

rain-burst AR(2) (4-5) 

+-/ = #$%+/2% + #$)+/2) + ∆+-/ ∙ :[;<>?2@A;B/,C)          (4-5) 

                                              I Indicator variable 

4.4.1  

    

(ΔR) 13 mm

(ΔR) 10 mm  

    ΔR ΔQ  

D∆E/ = E/ − E/2%∆+/ = +/ − +/2%         F = 2,3 … H            (4-6) 

E/ = t  
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+/ = t  

    

4-3 4-4 4-3 4-4

0 (4-7) (4-8)  

∆+- = 3.7935(∆E − 13)) + 73.837(∆E − 13)  KℎMH   ∆E > 13OO   (4-7) 

∆+- = 0.2379(∆E − 10)) + 18.521(∆E − 10)  KℎMH   ∆E > 10OO  (4-8) 

 

4.4.2  

    

 

n  

+%, +), +P, +Q, ⋯ +?2), +?2%, +? 

E%, E), EP, EQ, ⋯ E?2), E?2%, E? 

 

∆+% = +) − +%            ∆E% = E) − E% ∆+) = +P − +)            ∆E% = EP − E) ∆+P = +Q − +P            ∆E% = EQ − EP ⋮                                      ⋮ ∆+?2) = +?2% − +?2)            ∆E?2) = E?2% − E?2) ∆+?2% = +? − +?2%            ∆E?2% = E? − E?2% 

t  

             Correlation Coefficient, T(∆EU, ∆+UV/)    k=1,2,3…,n-(t+2),n-(t+1)    
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4.5   

    

 

  E%, E), EP, ⋯ , E?2), E?2%, E?       E? T  

    \%, \), \P, ⋯ , \]2), \]2%      \] T  

        +%, +), +P, ⋯ , +?V]2), +?V]2%     +?V]2%  

 +% = E%\% 

   +) = E%\) + E)\% 

   +P = E%\P + E)\) + EP\% 

                      ⋮ 
   +?V]2) = E?2%\]2% + E?\]2) 

   +?V]2) = E?\]2% 

 

⎣⎢
⎢⎢
⎡ +%+)+P⋮+?V]2)⎦⎥

⎥⎥
⎤

=

⎣⎢
⎢⎢
⎢⎢
⎢⎢
⎡E%E)EP⋮E?⋮⋮00

0E%E)
E?2%E?

⋯⋯

00E%
⋯E?2%
⋯⋯

⋯⋯0
E)⋯
⋯⋯

⋯⋯⋯
E%E)
⋯⋯

⋯⋯⋯
⋯E%
0⋯

⋯⋯⋯
⋯⋯
E?0

000⋮00
E?2%E? ⎦⎥

⎥⎥
⎥⎥
⎥⎥
⎤

⎣⎢
⎢⎢
⎡ \%\)\P⋮\]2%⎦⎥

⎥⎥
⎤
            (4-11) 

 

 

[+] = [E][\]                         (4-12) 
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[\] = ([E]e[E])2%[E]e[+]                   (4-13)   

(4-13) U t t+1  

+/ = E/\% + E/2%\) + E/2)\P + ⋯ + E/2]V)\]2%         (4-14) 

+/V% = E/V%\% + E/\) + E/2%\P + ⋯ +E/2]VP\]2%        (4-15) 

(4-15)- (4-14) 

+/V% − +/ = (E/V%−E/)\% + (E/ − E/2%)\) + ⋯ +(E/2]VP−E/2]V))\]2% (4-16) 

(4-6) (4-16)  

f+/ = fE/\% + fE/2%\) + ⋯ + fE/2]V)\]2%          (4-17) 

(4-17) (ΔR)

(ΔQ)

(4-11)  

⎣⎢
⎢⎢
⎡ f+%f+)f+P⋮f+?V]2)⎦⎥

⎥⎥
⎤

=

⎣⎢
⎢⎢
⎢⎢
⎢⎢
⎡fE%fE)fEP⋮fE?⋮⋮00

0fE%fE)
fE?2%fE?

⋯⋯

00fE%
⋯fE?2%
⋯⋯

⋯⋯0
fE)⋯
⋯⋯

⋯⋯⋯
fE%fE)
⋯⋯

⋯⋯⋯
⋯fE%
0⋯

⋯⋯⋯
⋯⋯

fE?0

000⋮00
fE?2%fE? ⎦⎥

⎥⎥
⎥⎥
⎥⎥
⎤

⎣⎢
⎢⎢
⎡ \%\)\P⋮\]2%⎦⎥

⎥⎥
⎤
    (4-18) 

(4-13)  

[\] = ([fE]e[fE])2%[fE]e[f+]                (4-19) 

(ΔR) (ΔQ) U

 

f+-/ = \%fE/ + \)fE/2% + ⋯ + \]2%fE/2]           (4-20) 

t+1 t+1

ΔR 0 1 \%
(4-20)  

f+-/ = \% + \)fE/2% + ⋯ + \]2%fE/2]           (4-20) 
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+-/V% = +/ + f+-/                        (4-21) 

    Naïve 

CP  

4.5.1  

     

U 6 U

5  

f+-/ = \% + \)fE/2% + \PfE/2) + \QfE/2P+\gfE/2Q     (4-22) 

   f+-/ = \% + \)fE/2% + \PfE/2) + \QfE/2P              (4-23) 

    (4-19) U U

4-4 4-5 4-5 4-6 4-1

4 8 12 13 15

1 7 8 U

U 4-3

 

f+-/ = 6.9 + 24.94fE/2% + 11.77fE/2) + 6.43fE/2P + 4.89fE/2Q  (4-24) 

f+-/ = 0.48 + 2.72fE/2% + 6.52fE/2) + 3.37fE/2P             (4-25) 

4-3 U  

 U1 U2 U3 U4 U5 

 6.90  24.94  11.77  6.43  4.89  

 0.48 2.72 6.52 3.37 

     

    (4-21) t

t+1  
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4-4 U  

 

 U1 U2 U3 U4 U5 

1 11.01 12.77 -3.34 4.93 1.53 

2 4.96 10.45 4.01 6.25 1.84 

3 2.94 9.59 8.29 5.11 1.98 

4 4.75 19.86 5.16 13.09 12.66 

5 18.71 68.58 12.03 2.36 -2.64 

6 6.35 43.15 13.59 -0.62 -1.28 

7 -0.78 7.60 7.48 3.81 -1.47 

8 6.72 34.56 47.77 34.75 -0.87 

9 3.90 13.94 13.23 3.16 15.55 

10 9.59 31.73 29.48 11.58 2.21 

11 10.05 22.19 12.77 2.75 12.97 

12 2.72 21.75 28.88 5.35 23.99 

13 11.20 33.39 10.53 1.35 13.43 

14 2.25 29.43 20.13 24.95 18.18 

15 2.74 24.67 -10.85 11.50 6.64 

 

4-5 U  
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4-5 U  

 U1 U2 U3 U4 

1 0.52 3.34 5.87 2.19 

2 0.61 0.03 3.79 2.50 

3 0.53 1.33 3.49 2.56 

4 0.11 2.05 5.48 2.57 

5 0.15 -0.26 1.31 1.49 

6 0.34 0.39 3.55 2.59 

7 0.38 5.01 5.56 1.88 

8 0.48 -1.65 5.03 2.01 

9 0.90 11.14 13.59 7.69 

10 0.80 3.10 8.39 3.38 

11 0.25 2.29 8.75 4.20 

12 0.62 4.42 10.34 3.33 

 

 

 

4-6 U  

-4

-2

0
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8
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16
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U
(m
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U1~U4 
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4.5.2  

    4-5 4-6 \), \P, \Q
U U U U

U

4-7 4-8 U

U 4.1 U

3 3 U 4-5 4-6

U U

 

    4 P

 

P/ = 0.5E/2% + 0.25E/2) + 0.125(E/2P + E/2Q)         (4-26) 

(4-25) P

18 P 32 P 18 U

P 18 32 U

U  

    4 P  

P/ = 0.22E/2% + 0.52E/2) + 0.27E/2P                  (4-27) 

(4-26) P

19 P 26 P 19 U

P 19 26 U

U  

    3 U
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4-6 U  

 

 U1 U2 U3 U4 U5 

 4.53 10.10 4.11 5.02 0.97 

 7.85 22.62 18.49 5.83 10.24 

 9.10 47.05 15.25 8.90 4.75 

 

 

 

4-7 U  
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4-7 U  

U1 U2 U3 U4 

0.43 0.37 2.86 2.18 

0.23 1.58 5.93 3.12 

0.77 6.22 10.77 4.80 

 

 

 

4-8 U  
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5.1  Naïve  

     5-1 5-2 Naïve 

0.8 CE 0.7 Naïve 

(EPTp)  

    

 

5.2  AR(2)  

    AR(2) 5-3 5-4 (r)

(CE) (CP)

Naïve 

Naïve AR(2)

Naïve AR(2) 5-1

Naïve 

AR(2)

AR(2) Naïve 

AR(2) Naïve  

    AR(2) (CP) 5-2

5-21 AR(2)
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Naïve AR(2)

Naïve Naïve

 

 

5-1  AR(2) &Naive  
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AR(2)  
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5-1  Naïve  

Naïve  

r CE CP RMSE EPTp (%) 

1 0.78 0.56 0.00 107.52 -0.40 

2 0.91 0.82 0.00 85.25 -30.74 

3 0.94 0.87 0.00 69.88 -17.68 

4 0.95 0.89 0.00 345.31 -36.88 

5 0.93 0.87 0.00 584.95 -7.38 

6 0.94 0.88 0.00 385.31 -33.92 

7 0.90 0.79 0.00 56.38 -15.92 

8 0.98 0.95 0.00 348.64 -16.77 

9 0.97 0.95 0.00 153.70 -13.95 

10 0.98 0.96 0.00 246.36 -11.44 

11 0.98 0.96 0.00 206.76 -18.80 

12 0.95 0.91 0.00 573.53 -9.40 

13 0.96 0.93 0.00 223.67 -13.93 

14 0.98 0.97 0.00 523.52 -17.12 

15 0.89 0.78 0.00 245.36 -7.88 

 

5-2  Naïve  

Naïve  

 r CE CP RMSE EPTp (%) 

1 0.90 0.79 0.00 104.92 -17.58 

2 0.80 0.59 0.00 15.38 -6.48 

3 0.88 0.75 0.00 28.42 -23.22 

4 0.84 0.68 0.00 31.50 -55.05 

5 0.92 0.84 0.00 5.99 -7.56 

6 0.84 0.67 0.00 22.63 -9.47 

7 0.90 0.80 0.00 73.16 -43.20 

8 0.71 0.41 0.00 29.92 -89.47 

9 0.94 0.88 0.00 83.54 -5.78 

10 0.90 0.80 0.00 71.99 -4.48 

11 0.96 0.93 0.00 44.81 -2.59 

12 0.96 0.92 0.00 61.72 -10.21 
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5-3  AR(2)  

AR(2)  ( ) 

r CE CP RMSE EPTp (%) 

1 0.76 0.47 -0.22 118.78 20.23 

2 0.93 0.85 0.13 79.62 -20.10 

3 0.94 0.89 0.13 65.15 -11.03 

4 0.94 0.87 -0.15 369.83 -38.96 

5 0.95 0.89 0.21 520.19 -0.87 

6 0.95 0.90 0.18 348.94 -22.46 

7 0.92 0.84 0.24 49.18 -11.93 

8 0.98 0.96 0.25 301.01 -11.37 

9 0.98 0.96 0.14 142.22 -12.78 

10 0.99 0.97 0.29 207.54 -7.37 

11 0.98 0.97 0.12 194.41 -21.40 

12 0.96 0.93 0.22 507.50 1.65 

13 0.97 0.94 0.22 197.83 -13.66 

14 0.98 0.97 0.07 504.88 -13.39 

15 0.90 0.79 0.04 239.94 -3.69 

 

5-4  AR(2)  

AR(2)  ( ) 

 r CE CP RMSE EPTp (%) 

1 0.92 0.83 0.19 94.55 -3.59 

2 0.83 0.61 0.03 15.13 19.70 

3 0.89 0.76 0.02 28.17 -35.39 

4 0.85 0.67 -0.03 31.97 -56.45 

5 0.93 0.86 0.14 5.54 11.22 

6 0.86 0.70 0.08 21.75 -9.28 

7 0.92 0.83 0.17 66.83 -34.71 

8 0.69 0.25 -0.27 33.79 -87.86 

9 0.95 0.91 0.25 72.55 -4.68 

10 0.94 0.88 0.38 56.64 -0.75 

11 0.97 0.94 0.18 40.46 -2.36 

12 0.97 0.94 0.33 50.43 2.66 
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5.3  rain-burst AR(2)  

rain-burst AR(2)

10 6 4

1 14 (r) (CE) (CP) AR(2)

Naïve (CP) 6( 5-18)

15 (r)

(CE) (CP) 4 CP -0.15 0.08

1

rain-burst AR(2)

 

    11 8

3 (r) (CE) AR(2)

Naïve CP

0.3 0.5 rain-burst

AR(2)  

    rain-burst AR(2)

(CP) rain-burst AR(2)

AR(2)

AR(2)

AR(2)
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rain-burst AR(2)
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5-5  rain-burst AR(2)  

rain-burst AR(2) ( ) 

r CE CP RMSE EPTp (%) 

1 0.74 0.27 -0.67 139.03 80.75 

2 0.93 0.85 0.13 79.62 -20.10 

3 0.95 0.89 0.13 65.09 -11.03 

4 0.96 0.90 0.08 330.49 -6.38 

5 0.96 0.91 0.31 487.28 -0.87 

6 0.96 0.91 0.29 324.27 2.71 

7 0.92 0.84 0.24 49.18 -11.93 

8 0.98 0.97 0.29 293.24 -11.37 

9 0.98 0.96 0.15 141.81 -12.78 

10 0.99 0.97 0.30 206.76 -6.88 

11 0.98 0.97 0.12 194.41 -21.40 

12 0.97 0.93 0.26 494.80 1.65 

13 0.98 0.95 0.27 191.74 -13.66 

14 0.98 0.97 0.04 512.44 -13.39 

15 0.90 0.79 0.04 239.94 -3.69 

 

5-6  rain-burst AR(2)  

rain-burst AR(2)  ( ) 

 r CE CP RMSE EPTp (%) 

1 0.97 0.92 0.62 64.58 9.38 

2 0.83 0.62 0.06 14.94 19.70 

3 0.89 0.76 0.04 27.83 -35.39 

4 0.90 0.75 0.21 28.03 -0.52 

5 0.94 0.86 0.17 5.46 11.22 

6 0.91 0.77 0.31 18.86 -9.28 

7 0.94 0.87 0.35 59.02 -21.26 

8 0.84 0.60 0.33 24.53 -29.86 

9 0.95 0.91 0.25 72.55 -4.68 

10 0.95 0.88 0.41 55.39 5.37 

11 0.97 0.94 0.21 39.71 -2.36 

12 0.99 0.97 0.70 34.08 2.66 

 

 



 

44 

 

 

5-2  1 rain-burst  

5-3  4 rain-burst  
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5-4  5 rain-burst  

5-5  6 rain-burst  
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5-6  8 rain-burst  

5-7  9 rain-burst  



 

47 

 

5-8  10 rain-burst  

5-9  12 rain-burst  



 

48 

 

5-10  13 rain-burst  

5-11  14 rain-burst  



 

49 

 

5-12  1 rain-burst  

5-13  2 rain-burst  



 

50 

 

5-14  3 rain-burst  

5-15  4 rain-burst



 

51 

 

 

5-16  5 rain-burst

5-17  6 rain-burst



 

52 

 

5-18  7 rain-burst

 

5-19  8 rain-burst



 

53 

 

 

5-20  10 rain-burst

 

5-21  11 rain-burst
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5-22  12 rain-burst  
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5.4    

     

CP CP 10 13

AR(2) Naïve CP 4

1 2 3 7

U

U

CP AR(2) rain-burst AR(2)

rain-burst AR(2)  

    5 CP

0.3 CP 0.5

5

CP -4.34 U

rain-burst AR(2)

 

    

rain-burst AR(2)  
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5-7   

( ) 

r CE CP RMSE EPTp (%) 

1 0.82 0.53 -0.07 111.28 75.36 

2 0.90 0.79 -0.18 92.51 -3.15 

3 0.92 0.83 -0.32 80.27 -0.37 

4 0.95 0.91 0.16 315.88 -28.03 

5 0.96 0.92 0.39 457.62 0.22 

6 0.96 0.92 0.34 313.23 -20.85 

7 0.90 0.78 -0.07 58.24 -11.26 

8 0.98 0.97 0.32 286.45 -17.77 

9 0.98 0.96 0.16 141.21 -10.97 

10 0.99 0.98 0.44 185.05 -3.18 

11 0.99 0.97 0.19 185.81 -16.98 

12 0.97 0.93 0.26 492.64 -7.31 

13 0.98 0.97 0.56 147.87 -14.97 

14 0.98 0.97 0.10 497.35 -15.89 

15 0.90 0.79 0.08 235.83 -5.03 

 

5-8   

( ) 

 r CE CP RMSE EPTp (%) 

1 0.95 0.90 0.50 74.11 2.96 

2 0.85 0.71 0.29 12.97 -8.19 

3 0.92 0.85 0.38 22.30 -2.70 

4 0.96 0.92 0.73 16.25 -12.93 

5 0.64 0.11 -4.41 13.93 -48.51 

6 0.93 0.86 0.57 14.90 -1.65 

7 0.94 0.88 0.38 57.53 -25.84 

8 0.83 0.68 0.45 22.14 -41.74 

9 0.97 0.94 0.48 60.06 -5.54 

10 0.96 0.92 0.60 45.70 0.16 

11 0.99 0.98 0.71 24.03 -1.88 

12 0.99 0.98 0.75 30.78 3.18 
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5.5   

    5-9

1 CP 0 Naïve

CP

CP 1

2 3 7 CP

U

 

    5-10 CP 0.3

CP
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5-9   

r CE CP RMSE EPTp (%) 

1 0.82 0.52 -0.11 113.28 28.11 

2 0.94 0.85 0.14 79.08 -20.24 

3 0.97 0.93 0.47 50.94 -10.24 

4 0.96 0.91 0.22 304.37 -29.88 

5 0.96 0.92 0.42 445.30 4.03 

6 0.96 0.91 0.26 331.57 -21.57 

7 0.95 0.89 0.48 40.82 -12.62 

8 0.98 0.97 0.33 285.31 -19.58 

9 0.98 0.96 0.23 134.85 -13.67 

10 0.99 0.98 0.44 183.71 -3.58 

11 0.99 0.97 0.18 187.18 -16.50 

12 0.96 0.93 0.21 508.84 -6.30 

13 0.98 0.97 0.52 155.42 -15.41 

14 0.98 0.97 0.11 494.05 -15.33 

15 0.89 0.78 0.01 244.20 -8.97 

 

5-10   

 r CE CP RMSE EPTp (%) 

1 0.95 0.89 0.45 77.62 14.61 

2 0.92 0.85 0.63 9.38 3.06 

3 0.96 0.93 0.71 15.32 -3.50 

4 0.92 0.85 0.53 21.63 -35.75 

5 0.95 0.89 0.35 4.81 -14.25 

6 0.94 0.89 0.67 13.01 -2.22 

7 0.93 0.85 0.26 62.75 -28.73 

8 0.88 0.77 0.61 18.78 -57.56 

9 0.95 0.91 0.24 72.69 -5.73 

10 0.96 0.92 0.60 45.48 -1.46 

11 0.98 0.96 0.52 31.01 -3.02 

12 0.99 0.97 0.65 36.35 8.03 
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5.6  

    (r) (CE)

(CP) (EPTp (%)) (RMSE)

5-11 5-12 5-14 5-15

CP RMSE

CP RMSE

CP

(EPTp)  

5.6.1  CP  

    5-11 5-12 ( 1 AR(2) 2 rain-burst

AR(2) 3 4 5

Naïve )

U

U U U

U U U

U
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5-11 CP  

1 2 3 4 5 

 CP CP CP CP CP 

1 -0.22 -0.67 -0.07 -0.11 0.00 

2 0.13 0.13 -0.18 0.14 0.00  

3 0.13 0.13 -0.32 0.47 0.00 

4 -0.15 0.08 0.16 0.22 0.00 

5 0.21 0.31 0.39 0.42 0.00 

6 0.18 0.29 0.34 0.26 0.00 

7 0.24 0.24 -0.07 0.48 0.00 

8 0.25 0.29 0.32 0.33 0.00 

9 0.14 0.15 0.16 0.23 0.00 

10 0.29 0.30 0.44 0.44 0.00 

11 0.12 0.12 0.19 0.18 0.00 

12 0.22 0.26 0.26 0.21 0.00 

13 0.22 0.27 0.56 0.52 0.00 

14 0.07 0.04 0.10 0.11 0.00 

15 0.04 0.04 0.08 0.01 0.00 

 

5-12 CP  

 
1 2 3 4 5 

 CP CP CP CP CP 

1 0.19 0.62 0.50 0.45 0.00 

2 0.03 0.06 0.29 0.63 0.00 

3 0.02 0.04 0.38 0.71 0.00 

4 -0.03 0.21 0.73 0.53 0.00 

5 0.14 0.17 -4.41 0.35 0.00 

6 0.08 0.31 0.57 0.67 0.00 

7 0.17 0.35 0.38 0.26 0.00 

8 -0.27 0.33 0.45 0.61 0.00 

9 0.25 0.25 0.48 0.24 0.00 

10 0.38 0.41 0.60 0.60 0.00 

11 0.18 0.21 0.71 0.52 0.00 

12 0.33 0.70 0.75 0.65 0.00 

 

CP  
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5-13 RMSE  

1 2 3 4 5 

 RMSE RMSE RMSE RMSE RMSE 

1 118.78 139.03 111.28 113.28 107.52 

2 79.62 79.62 92.51 79.08 85.25 

3 65.15 65.09 80.27 50.94 69.88 

4 369.83 330.49 315.88 304.37 345.31 

5 520.19 487.28 457.62 445.30 584.95 

6 348.94 324.27 313.23 331.57 385.31 

7 49.18 49.18 58.24 40.82 56.38 

8 301.01 293.24 286.45 285.31 348.64 

9 142.22 141.81 141.21 134.85 153.70 

10 207.54 206.76 185.05 183.71 246.36 

11 194.41 194.41 185.81 187.18 206.76 

12 507.50 494.80 492.64 508.84 573.53 

13 197.83 191.74 147.87 155.42 223.67 

14 504.88 512.44 497.35 494.05 523.52 

15 239.94 239.94 235.83 244.20 245.36 

 

5-14 RMSE  

 
1 2 3 4 5 

 RMSE RMSE RMSE RMSE RMSE 

1 94.55 64.58 74.11 77.62 104.92 

2 15.13 14.94 12.97 9.38 15.38 

3 28.17 27.83 22.30 15.32 28.42 

4 31.97 28.03 16.25 21.63 31.50 

5 5.54 5.46 13.93 4.81 5.99 

6 21.75 18.86 14.90 13.01 22.63 

7 66.83 59.02 57.53 62.75 73.16 

8 33.79 24.53 22.14 18.78 29.92 

9 72.55 72.55 60.06 72.69 83.54 

10 56.64 55.39 45.70 45.48 71.99 

11 40.46 39.71 24.03 31.01 44.81 

12 50.43 34.08 30.78 36.35 61.72 

 

CP  
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5.6.2   

    rain-burst

AR(2) rain-burst AR(2)

4 6

20%~40% rain-burst AR(2)

10% 4 7 8 rain-burst

AR(2)

rain-burst

 

    rain-burst AR(2)
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5-15 EPTp (%)  

1 2 3 4 5 

 EPTp (%) EPTp (%) EPTp (%) EPTp (%) EPTp (%) 

1 20.23 80.75 75.36 28.11 -0.40 

2 -20.10 -20.10 -3.15 -20.24 -30.74 

3 -11.03 -11.03 -0.37 -10.24 -17.68 

4 -38.96 -6.38 -28.03 -29.88 -36.88 

5 -0.87 -0.87 0.22 4.03 -7.38 

6 -22.46 2.71 -20.85 -21.57 -33.92 

7 -11.93 -11.93 -11.26 -12.62 -15.92 

8 -11.37 -11.37 -17.77 -19.58 -16.77 

9 -12.78 -12.78 -10.97 -13.67 -13.95 

10 -7.37 -6.88 -3.18 -3.58 -11.44 

11 -21.40 -21.40 -16.98 -16.50 -18.80 

12 1.65 1.65 -7.31 -6.30 -9.40 

13 -13.66 -13.66 -14.97 -15.41 -13.93 

14 -13.39 -13.39 -15.89 -15.33 -17.12 

15 -3.69 -3.69 -5.03 -8.97 -7.88 

 

5-16 EPTp (%)  

 
1 2 3 4 5 

 EPTp (%) EPTp (%) EPTp (%) EPTp (%) EPTp (%) 

1 -3.59 9.38 2.96 14.61 -17.58 

2 19.70 19.70 -8.19 3.06 -6.48 

3 -35.39 -35.39 -2.70 -3.50 -23.22 

4 -56.45 -0.52 -12.93 -35.75 -55.05 

5 11.22 11.22 -48.51 -14.25 -7.56 

6 -9.28 -9.28 -1.65 -2.22 -9.47 

7 -34.71 -21.26 -25.84 -28.73 -43.20 

8 -87.86 -29.86 -41.74 -57.56 -89.47 

9 -4.68 -4.68 -5.54 -5.73 -5.78 

10 -0.75 5.37 0.16 -1.46 -4.48 

11 -2.36 -2.36 -1.88 -3.02 -2.59 

12 2.66 2.66 3.18 8.03 -10.21 
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5-23 1  

5-24 2
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5-25 3

5-26 4
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5-27 5

5-28 6
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5-29 7

5-30 8
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5-31 9

5-32 10
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5-33 11

5-34 12
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5-35 13

5-36 14
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5-37 15

5-38 1
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5-39 2

5-40 3
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5-41 4

5-42 5
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5-43 6

5-44 7
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5-45 8

5-46 9
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5-47 10

5-48 11  
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5-49 12  
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6.1  

1. AR(2) rain-burst AR(2)

 

2. 
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CP

 

3. 
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6.2   

1. rain-burst AR(2)

t

rain-burst 13mm

t+1 rain-burst

3-1

rain-burst

 

2. 1 2

3

1

2 2

2 3
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A1.  

 ( / / / ) 

1 2002/08/05/09 ~ 2002/08/07/18 

2 2003/06/06/23 ~ 2003/06/08/18 

3 2003/06/11/02 ~ 2003/06/14/12 

4 2004/07/01/16 ~ 2004/07/06/24 

5 2005/08/31/11 ~ 2005/09/02/14 

6 2005/07/17/13 ~ 2005/07/21/20 

7 2006/07/24/22 ~ 2006/07/27/08 

8 2007/10/05/24 ~ 2007/10/08/07 

9 2007/08/17/14 ~ 2007/08/21/22 

10 2008/09/27/19 ~ 2008/09/30/14 

11 2008/09/12/14 ~ 2008/09/16/07 

12 2008/07/17/11 ~ 2008/07/19/07 

13 2008/07/27/22 ~ 2008/07/30/04 

14 2009/08/06/08 ~ 2009/08/12/07 

15 2010/09/18/19 ~ 2010/09/20/22 

A2.  

 
 ( / / / ) 

1 2004/07/02/05 ~ 2004/07/03/17 

2 2005/10/02/04 ~ 2005/10/03/07 

3 2006/07/08/23 ~ 2006/07/10/04 

4 2006/07/13/14 ~ 2006/07/16/10 

5 2006/07/24/23 ~ 2006/07/26/20 

6 2007/08/12/11 ~ 2007/08/14/17 

7 2007/08/18/04 ~ 2007/08/19/14 

8 2007/09/18/01 ~ 2007/09/19/15 

9 2007/10/06/06 ~ 2007/10/08/03 

10 2008/07/28/09 ~ 2008/07/29/19 

11 2008/09/13/09 ~ 2008/09/15/21 

12 2008/09/28/13 ~ 2008/09/30/04 
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A3. AR(2)  

 φ1 φ2  φ1 φ2 

1 0.70 0.25 1 1.37 -0.42 

2 1.28 -0.33 2 1.17 -0.26 

3 1.22 -0.24 3 1.17 -0.23 

4 0.92 0.05 4 1.14 -0.19 

5 1.41 -0.46 5 1.28 -0.31 

6 1.39 -0.42 6 1.25 -0.29 

7 0.97 0.01 7 1.32 -0.40 

8 1.50 -0.51 8 0.86 0.05 

9 1.31 -0.32 9 1.44 -0.48 

10 1.55 -0.57 10 1.56 -0.62 

11 1.30 -0.32 11 1.40 -0.42 

12 1.43 -0.47 12 1.55 -0.58 

13 1.38 -0.40    

14 1.25 -0.27    

15 1.16 -0.22    
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10 11 12 

A2. PACF ( ) 

 


