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Abstract

Direct parameter estimation method is verified with various models based on Neyman-Scott rectangular
pulse model (NSRPM). Also, newly modified NSRPM (NMSRPM) that uses normal distribution is
developed. Precipitation data observed by Korea Meteorological Administration (KMA) for 47 years is
applied for parameter estimation. For model performance verification, we used statistics, wet ratio and
precipitation accumulate distribution of precipitation generated. The comparison of statistics indicates that
absolute relative error (ARE)s of the results from NSRPM and modified NSRPM (MNSRPM) are
increasing on July, August, and September and ARE of NMNSRPM shows 10.11% that is the smallest
ARE among the three models. NMNSRPM simulates the characteristics of precipitation statistics well. By
comparing the wet ratio, MNSRPM shows the smallest ARE that is 16.35% and by using the graphical
analysis, we found that these three models underestimate the wet ratio. The three models show about 2%
of ARE of precipitation accumulate probability. Those results show that the three models simulate
precipitation accumulate probability well. As the results, it is found that the parameters of NSRPM,
MNSRPM and NMNSRPM are able to be estimated by the direct parameter estimation method. From the
results listed above, we concluded that the direct parameter estimation is able to be applied to various
models based on NSRPM. NMNSRPM shows good performance compared with developed model - NSRPM
and MNSRPM and the models based on NSRPM can be developed by the direct parameter estimation
method.
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Model Month Mean Var (1 hr) Var (24 hr) ACV (1 hr) ACV (24 hr)
May. 0.1815 0.9788 156.0426 0.6510 10.8126
Jun. 0.2024 1.6645 206.8966 0.9853 32.8665
. Jul. 0.5548 75471 875.5797 43111 83.1729
Observation
Aug. 0.4719 6.7381 770.3605 35284 197.9582
Sep. 0.2403 3.0346 362.1474 1.5943 72.6681
Oct. 0.0841 0.4097 41.7039 0.2283 4.2008
May. 0.1929 1.0574 173.4239 0.6479 9.3441
Jun. 0.2255 1.3751 194.5061 0.8953 33.6960
Jul. 0.6707 9.1595 1133.7394 47271 87.0779
NSRPM
Aug. 0.4985 3.7195 890.4056 2.8461 123.1779
Sep. 0.3001 2.9582 346.7698 1.6897 53.6143
Oct. 0.0883 0.3696 38.1443 0.1928 4.3494
May. 0.1821 0.9645 123.8146 0.6431 12.3094
Jun. 0.2186 1.0955 223.4414 0.9047 18.8583
) Jul. 0.6442 5.3341 930.4321 4.0612 55.2920
MNSRPM
Aug. 0.4254 5.0049 893.5342 3.6841 169.3843
Sep. 0.2912 2.4445 509.9219 1.9567 101.7543
Oct. 0.0961 0.2506 43.8168 0.1887 4.2519
May. 0.1874 0.8726 139.4874 0.5920 8.9311
Jun. 0.2263 1.6416 199.4425 0.9677 26.9428
Jul. 0.5567 6.5496 938.7874 4.6340 61.0796
NMNSRPM
Aug. 0.4781 5.4609 746.8610 2.8749 163.1231
Sep. 0.2234 2.8611 385.5895 1.7151 55.6001
Oct. 0.0972 0.4287 52.2985 0.2412 3.9558
T4 F25% 20114 21 139



SR
A
3

p

S Ave s B3

© 9974

%+ g,

A

NMSRPMe] 10.11%% 713 2 gk

Pomr
o o 45

0ro o
=) =

A=)

o BAkS- ACV (Auto-Covariance) = A
(Monthly Average)= 2} A3k € dd)/dd] et
o] A Al eate] Pt E}

o), fdse B NSRPMY MNSRPM-S- 744
, 89, 9YolA MAZte] AAE RS

NMNSRPM-2

A% 5

Atk

H AAE Aeaag Ak
YERATE Table 3014 Meana %

A7) S M.

Aol viske] MA G
TSk Avedts

€ %741%}94 Ay

Sehle 22

7|E0® Boks u| 7]1E NSRPM# MINSRPM

o AT A} Aol weh ks ol Ml A
SHele 4 glom, NVNSRPME 9o] me Arjat) s
A7} 1006 W2 M Qg H o BERL} w5
EA%S e 35S A A2 29T 5+ A

43. FHE WU YHE 5ol KLY

Table 3. Absolute Relative Errors of Statistics from Models

Mean Var (1 hr) | Var (24 hr) | ACV (1 hr) |ACV (24 hr) M.A. Ave.
(%) (%) (%) (%) (%) (%) (%)
May. 6.28 8.04 11.14 0.47 13.58 7.90
Jun. 11.42 17.39 5.99 9.14 2.52 9.29
Jul. 20.88 21.36 29.48 9.65 4.70 17.21
NSRPM 13.38
Aug. 5.64 44.80 15.58 19.34 37.78 24.63
Sep. 24.85 2.52 4.25 5.99 26.22 12.77
Oct. 4.97 9.79 8.54 15.56 3.54 8.48
May. 0.34 1.46 20.65 1.21 13.84 7.50
Jun. 7.99 34.18 8.00 8.18 42.62 20.19
Jul. 16.11 29.32 6.26 5.80 33.52 18.20
MNSRPM 20.27
Aug. 30.14 23.46 53.00 18.34 32.75 31.54
Sep. 21.16 19.45 40.81 22.73 40.03 28.83
Oct. 14.17 38.83 5.07 17.34 1.22 15.32
May. 3.04 6.16 8.62 0.34 27.00 9.03
Jun. 11.78 1.37 3.60 1.79 18.02 7.31
Jul. 0.34 13.22 7.22 7.49 26.56 10.97
NMNSRPM 10.11
Aug. 1.32 18.96 3.05 18.52 17.60 11.89
Sep. 7.04 5.72 6.47 7.58 23.49 10.06
Oct. 15.49 4.63 25.40 5.64 5.83 11.40
1
! Wet Ratio(NSRPM) ! Wet Ratio(MNSRPM) ’ Wet Ratio(NMNSRPM) 7
10 © 0OBS-NS , 10 © 0 OBS-MNS // 10 o0 0OBS-NMNS ,
0.8 e 0.8 L7 0.8 e
7 Vs /
7 ’ 7 7 = / g
E0.6— v ;o.e— K %0.6 v
& s 2] . 7 ° 2 //
Z 044 00 S 044 i 2 044 PR
/6)‘3"J °© /‘f ° //
}’ ° 9 o ° o g Oog °
024 o7 0.2 e 024 %
4 2 o '8 © E é o
¢® 70 48°
0 — T T T T T 0A— T | ——— Of———T T 1 7
0 02 04 06 08 0 02 04 06 08 1 0 02 04 06 08 1
Observation Observation Observation
(a) Obs.-NSRPM plot (b) Obs.-MNSRPM plot (c) Obs.-NMNSRPM plot
(R*=0.953) (R*=0.888) (R*=0.893)
Fig. 2. Observations—Generating Precipitation Plots of Wet Ratios
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Table 4. Absolute Relative Errors of Wet Ratios from Models
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24 hr (%)

15.00
18.08

23.41

10.55

4.96
12.80
21.49

23.51

13.46
19.62

1.88
11.29
19.45
22.38
29.66
22.84
29.28

0.44

12 hr (%)

12.43
16.90

26.41

431
2.714
15.89

9.92
21.01
20.26
16.68

4.10
16.34
17.49
10.83
32.46

25.71

33.97

3.30

6 hr (%)
14.37
18.36
30.03

1.77
9.15
10.27

4.38
18.42

2291

14.11

11.30
2312

16.24

9.51
31.13

30.93
43.82

7.63

1 hr (00)

29.15

25.59
45.02

11.53
33.63

20.11

31.41

5.73
13.20

3.25
18.32
46.66

2.17
39.13

12.01
43.44

61.88

15.86

May.

Jun.

Jul.
Aug.

Sep.

Oct.
May.

Jun.

Jul.
Aug.

Sep.

Oct.
May.

Jun.

Jul.

Aug.

Sep.

Oct.

NSRPM

MNSRPM

NMNSRPM

]
A=t

o wolw, 108 ARA5e] AS

R

4 22 NSRPMS 7]

7 %

d

ot

= 7

FSic}. Table 4

S

H] 1l

NMNSRPM¢| 74¢- t}&

i3

ok =

#Eolth 1hr 1]

oAk vehd

@_

o7
o
el

617 FAGFEARE 12hre 124]

hr

H|

L.
Fu

ERATE NSRPM2] Ave.

NMNSRPM2

16.35%

NMSRPM®]  Ave.©
234% % JERITE =

9l

17.19%

A

o

=3
2=

o] 7% 109

i 15% diel o] ghe Kol vl

3

3
T

+ MNSRPM

= 8

&< YeERdth Table 5

g

<

S 2 YERT

BELEE.

1

el

Ao} Al 7HA mg o

ghom mgolA A

=
=

M 8-S AHgEla Y

< HERH,

=4
=

o]t}. Table 5914 Month

-
3t

yehd
Condition& ¥]-&o] AAtE= =

o
=

LRIt} Condition

jo

A=

o} of

KSR
—

0.953°]31, MNSRPM

©.
<

oltt. r*%kel 7% NSRPM

o] x <50 mme

2 =
=2 =
o

s

H
50 mm o]&}e] el vl

o)

0.883¢] 12 NMNSRPM=- 0.8932. = e Fig. 2(a)ell

5}, Table 5014

)

©
=

bl el =2 3

7 e

b
o

141

B4ty 29k 20114 2H



Table 5. 24 Accumulate Probability for 24 Hours Precipitations

Month Condition Observation NSRPM MNSRPM NMNSRPM
x <5.0 mm 0.7023 0.7062 0.6767 0.7076
x <10.0 mm 0.7736 0.7648 0.7252 0.7676
x <20.0 mm 0.8358 0.8348 0.8029 0.8324
Aug. x <50.0 mm 0.9315 0.9271 0.9043 0.9243
x <100.0 mm 0.9825 0.9762 0.9648 0.9776
x < 200.0 mm 0.9972 0.9962 0.9933 0.9976
x < 300.0 mm 0.9993 0.9995 0.9990 0.9995
x <5.0mm 0.8783 0.8810 0.8705 0.8862
x <10.0 mm 0.9335 0.9314 0.9262 0.9419
x <20.0 mm 0.9753 0.9748 0.9681 0.9790
Oct. x <30.0 mm 0.9924 0.9919 0.9852 0.9886
x <40.0 mm 0.9943 0.9962 0.9938 0.9924
x <50.0 mm 0.9962 0.9971 0.9986 0.9943
x <70.0 mm 0.9981 0.9995 0.9995 0.9976
Table 6. ARE Average of Accumulate Probability for 24 Hours Precipitations
Month NSRPM (%) MNSRPM (%) NMNSRPM (%)
May. 1.898 1.963 1.905
Jun. 1.670 1.736 1.615
Jul. 1.377 1.272 0.630
Aug. 0.218 0.969 0.203
Sep. 1.159 1.274 1.080
Oct. 2.660 2.602 2.686
Ave. 1.497 1.636 1.353
1 1 1
Rainfall Accumulate Probaility-Aug Rainfall Accumulate Probaility-Aug Rainfall Accumulate Probaility-Aug
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Fig. 3. Observations—Generating Precipitation Plots of Precipitation Distribution (August)
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