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A Study on Generation of Stochastic Rainfall Variation using Multivariate
Monte Carlo method
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Abstract

In this study, dimensionless-cumulative rainfall curves were generated by multivariate Monte Carlo method. For generation of
rainfall curve rainfall storms were divided and made into dimensionless type since it was required to remove the spatial and tem-
poral variances as well as differences in rainfall data. The dimensionless rainfall curves were divided into 4 types, and log-ratio
method was introduced to overcome the limitations that elements of dimensionless-cumulative rainfall curve should always be
more than zero and the sum total should be one. Orthogonal transformation by Johnson system and the constrained non-normal
multivariate Monte Carlo simulation were introduced to analyse the rainfall characteristics. The generative technique in stochastic
rainfall variation using multivariate Monte Carlo method will contribute to the design and evaluation of hydrosystems and can use
the establishment of the flood disaster prevention system.
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Table 1. List of raingage stations

location Area |Elevation| Area
2 -
Latitude |Longitude| (km?) | (EL. m) | ratio

Station

Chupungnyeong | 36°13' | 120°00' [541.517| 2425 | 0.539

Gumi 36°08' | 128°19' |381.361| 47.9 | 0.380

Geochang 35°40' | 127°55' | 81.233 | 2209 | 0.081

AT 7 AN EA T AR A (AP DT, 19995 F
zsle] 1" AR YE AAPES EEsiTh AR
e ARS8 U7 6AIZT o, HA A& Al
7+ NzE o, A S 10 mm o), AR 3ol
=) 7)1zt 7% 200 mm o}golct.
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Table 2. Statistics about Type | dimensionless rainfall pattern
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Table 4. Statistics about Type Il dimensionless rainfall pattern

Type 1 Pl Py Py | P Ps | Ps| P | Py | Pyl Pro Type Il | Py | P | P3| Ps | Ps | Ps | P1 | Ps | Po | Pio
Mean 0.18] 0.25] 0.19] 0.09{ 0.04| 0.05| 0.06| 0.05| 0.04| 0.05 Mean 0.04] 0.04| 0.05] 0.06] 0.11{ 0.20| 0.23| 0.16] 0.08| 0.04
SD 0.14] 0.11] 0.13] 0.07{ 0.03| 0.05| 0.06 0.06| 0.06| 0.06 SD 0.05] 0.05(0.05] 0.05] 0.08{ 0.11| 0.12] 0.12] 0.07{ 0.04

Skewness| 1.33| 0.14] 0.73]| 0.74| 0.53]| 0.69| 1.56| 1.70| 2.33| 2.11

Skewness | 2.69( 2.10| 1.18] 0.40| 0.76| 0.44| 1.20| 1.02| 0.64| 2.29

Kurtosis | 1.99| 0.02| 0.06| 0.38|-0.94-0.97| 2.21| 2.52| 7.00| 4.77

Kurtosis | 9.62|5.19/ 0.96]-1.14| 0.00 0.18] 2.09| 0.83-0.72| 6.67

P, 1.00

Py 1.00

P, -0.35| 1.00 Py 0.14{ 1.00

Ps -0.54[-0.02| 1.00 Ps -0.08| 0.28| 1.00

Py -0.241-0.24| 0.49| 1.00 Py -0.10{ 0.05| 0.54| 1.00

Ps -0.24-0.01| 0.01] 0.01/ 1.00 Ps -0.19}-0.09[-0.08| 0.19] 1.00

Ps 0.08[-0.22}-0.29-0.35| 0.30 1.00 Ps -0.10{ 0.25}-0.02| 0.08] 0.34| 1.00

P 0.01[-0.16}-0.44-0.29}-0.13| 0.29| 1.00 Py 0.11}-0.25[-0.36|-0.38}-0.34}-0.39| 1.00

Pg -0.13] 0.02|-0.21}-0.22|-0.32}-0.15| 0.28| 1.00 Pg -0.18[-0.301-0.15}-0.28]-0.29-0.64| 0.03| 1.00

Py 0.15[-0.18}-0.33-0.18{-0.11[-0.23}-0.02( 0.15] 1.00 Py -0.18[-0.27[-0.16}-0.18]-0.32}-0.23}-0.12| 0.18| 1.00

Pio -0.16-0.16-0.21}-0.27| 0.32] 0.34| 0.08]-0.15| 0.05| 1.00 Pio -0.03[-0.10[-0.11}-0.14}-0.24}-0.08{-0.06|-0.09| 0.31| 1.00

Table 3. Statistics about Type Il dimensionless rainfall pattern

Table 5. Statistics about Type IV dimensionless rainfall pattern

Type I P1 Pz P3 P4 P5 P6 P7 P8 P9 PIO Type v P] P2 P3 P4 P5 Pg P7 Pg Pg P]O
Mean 0.05( 0.07] 0.14] 0.22 0.23| 0.13| 0.05| 0.04 0.03| 0.03 Mean 0.06( 0.05] 0.05] 0.06 0.06| 0.05] 0.07] 0.18] 0.28| 0.16
SD 0.07] 0.06| 0.10; 0.11] 0.14] 0.09| 0.04{ 0.04| 0.04{ 0.06 SD 0.06( 0.05] 0.06] 0.05| 0.05| 0.05{ 0.05] 0.15] 0.12| 0.13

Skewness| 2.49| 0.86{ 0.77 1.06/ 0.35| 0.91] 0.69 2.01| 1.92] 4.09

Skewness| 1.07] 0.72] 1.19] 1.07| 0.96] 0.98] 0.29| 1.60| 0.45| 1.99

Kurtosis | 6.81] 0.09-0.02| 1.96-0.01| 0.71-0.20 4.41| 3.6020.1

Kurtosis | 0.01[-0.47{ 0.17] 0.28] 0.56[-0.05[-1.08| 3.72 0.26{ 5.20

P, 1.00

Py 1.00

Py 0.24{ 1.0 P> 0.13] 1.00

Ps -0.11] 0.29 1.00 P; -0.23| 0.54| 1.00

Py -0.13]-0.13{ 0.12| 1.00 Py 0.06-0.19] 0.27| 1.00

Ps -0.10/-0.36/-0.56{-0.38| 1.00] Ps 0.07}-0.20}-0.17 0.32| 1.00

Ps -0.341-0.46/-0.39|-0.44| 0.45( 1.00 Ps -0.031-0.231-0.301-0.01| 0.17| 1.00

P -0.08/-0.05/-0.08{-0.28|-0.21| 0.17| 1.0 Py -0.24|-0.11}-0.19}-0.25]-0.21| 0.61| 1.00

Ps -0.02] 0.03] 0.02/-0.10-0.45(-0.12{ 0.37] 1.00 Pq 10.29]-0.24-0.1410.30[-0.06-0.10[ 0.25| 1.00

Po 0.01] 0.10{-0.19/-0.27/-0.22|-0.06] 0.27 0.56] 1.00) Po -0.09]-0.26-0.08 1-0.08|-0.12|-0.251-0.34]-0.26 | 1.00

P1o -0.10]-0.07)-0.02f 0.25|-0.29/-0.26(-0.12{-0.02| 0.02| 1.0 Pio 0.05] 0.15}-0.14-0.08 -0.20}-0.12}-0.20}-0.57}-0.12| 1.00
130 sh=Eeifste| =24, M9 35 20094 6
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Table 6. Result of log-ratio conversion and Johnson distribution system(Type 1)

Type Y, Y Ys Ys Ys Ye Y Yo Y10

Mean -0.56 -0.42 -1.18 -1.79 -1.56 -1.32 -1.83 -1.98 221

SD 1.31 1.37 1.68 1.12 1.24 1.16 1.45 1.56 1.64

Skewness 0.83 -1.12 -0.88 0.11 0.05 0.75 -0.70 -0.01 0.11

Kurtosis 0.53 1.48 1.03 -0.42 -0.31 0.34 0.42 -1.17 -0.55

Y, 1.00

Y, 0.16 1.00

Y 0.55 0.72 1.00

Yy 0.57 0.12 035 1.00

Ys 0.37 0.16 0.05 0.53 1.00

Ye 0.58 0.16 0.22 0.40 0.63 1.00

Y; 0.29 0.24 0.25 0.20 0.19 0.52 1.00

Yo 0.42 0.01 0.37 0.20 0.04 0.26 0.21 1.00

Yio 0.47 0.21 0.37 0.42 0.34 0.48 -0.02 0.67 1.00

gamma 1.0332 -1.535 -1.403 0.53 0.4619 0.9594 -1.043 -0.094 04611

delta 0.8262 1.0689 1.0926 1.1196 1.4242 0.8003 0.9154 0.6523 1.0066

lambda 6.5448 9.1582 10.887 6.0332 7.9922 5.573 7.6717 5.7093 8.1265

xi -2.345 -7.495 -9.348 -4.208 -4.978 -2.903 -7.321 -4.974 -5.51

Type SB SB SB SB SB SB SB SB SB
Table 7. Result of log-ratio conversion and Johnson distribution system(Type II)

Type 11 Y, Y, Ys Y4 Ys Ys Y, Yo Y10

Mean -0.50 0.93 1.45 1.39 0.75 -0.02 -0.41 -0.76 -1.24

SD 1.38 1.64 1.61 1.92 2.09 1.86 1.84 1.91 1.91

Skewness 1.21 0.39 1.25 0.08 0.19 0.36 0.69 0.16 0.48

Kurtosis 2.36 1.47 0.73 0.44 -0.03 0.67 0.27 0.29 -0.53

)8 1.00

Y, 0.42 1.00

Y3 0.56 0.82 1.00

Yy 0.61 0.66 0.80 1.00

¥Ys 0.50 0.72 0.78 0.86 1.00

Ys 0.50 0.66 0.78 0.75 0.87 1.00

Y, 0.45 0.67 0.76 0.63 0.67 0.77 1.00

Yo 0.40 0.47 0.61 0.65 0.64 0.68 0.76 1.00

Y10 0.59 0.55 0.75 0.78 0.69 0.67 0.76 0.81 1.00

gamma 5.965 -1.479 1.1049 -2.597 1.1995 4.6175 1.1139 3.6034 0.6534

delta 2.3337 2.6909 0.7163 4.9613 1.722 3.0407 0.9807 3.4066 0.6368

lambda 44.453 3.5303 7.7437 8.176 16.987 37.764 10.308 34.045 7.4821

xi -3.933 -1.251 -0.424 -3.179 -5.092 -6.993 -3.308 -9.664 -3.698

Type SB Su SB Su SB SB SB SB SB

CHHZF Monte Carlo 7|3 0|88 FAIsHY 25 S M40 25 7 131



Table 8. Result of log-ratio conversion and Johnson distribution system(Type lll)

Type 111 Y Ys Y; Y4 Ys Ys Y, Yo Y10

Mean -0.24 0.33 0.66 1.25 1.91 2.10 1.73 0.88 -0.01

SD 1.26 1.27 1.49 1.55 1.32 1.23 1.61 1.73 1.85

Skewness 0.23 -0.27 -0.45 -0.02 0.06 0.65 0.16 0.01 0.11

Kurtosis -0.05 0.26 -0.10 0.31 0.69 1.02 0.34 -0.51 -0.42

Y 1.00

Y, 0.19 1.00

Y 0.27 0.66 1.00

Yy 0.16 0.37 0.57 1.00

Ys 0.30 0.37 0.56 0.80 1.00

Y 0.45 0.41 0.59 0.70 0.75 1.00

Y, 0.31 0.41 0.50 0.59 0.55 0.78 1.00

Yo 0.33 0.37 0.51 0.50 0.63 0.68 0.65 1.00

Yio 0.39 0.45 0.56 0.55 0.70 0.79 0.64 0.84 1.00

gamma 1.1691 -2.051 -0.947 1.1995 -0.748 3.3715 6.0137 0.2435 0.6222

delta 1.5693 2.1439 1.022 5.0186 3.1618 2.1708 4.3337 1.4374 1.3033

lambda 9.4967 13.764 8.1491 7.3896 3.8396 17.999 43.452 11.061 11.296

xi -3.429 -9.494 -4.922 3.0672 0.9429 -1.215 -7.062 -4.229 -4.478

Type SB SB SB Su Su SB SB SB SB

Table 9. Result of log-ratio conversion and Johnson distribution system(Type V)

Type IV Y, Y, Y3 Yy Ys Ys Y Yo Yio

Mean -0.34 -0.08 0.05 0.41 -0.38 0.44 1.51 1.96 1.22

SD 1.67 1.39 1.81 1.70 1.72 1.62 1.41 1.22 1.53

Skewness -0.64 0.52 0.08 -0.12 0.58 0.32 1.29 1.45 0.88

Kurtosis 0.52 1.58 0.36 1.23 1.02 -0.09 1.84 2.00 0.27
¥ 1.00

Y, 0.12 1.00

Y3 0.53 0.62 1.00

Yy 0.52 0.40 0.77 1.00

Ys 0.27 0.18 0.46 0.62 1.00

Ys 0.33 0.50 0.66 0.70 0.76 1.00

Yy 0.23 0.62 0.63 0.73 0.62 0.85 1.00

Yo 0.50 0.56 0.74 0.83 0.49 0.76 0.82 1.00

Yio 0.50 0.39 0.71 0.79 0.47 0.72 0.65 0.90 1.00
gamma -1.266 -3.682 5.3479 0.7944 2.5607 0.8919 1.8769 1.8023 0.9198
delta 1.1389 3.4748 4.9853 2.7631 1.9281 1.1239 1.194 1.1067 0.6943
lambda 10.601 2.8243 47.472 42031 19.809 9.2948 11.179 9.1835 6.7593
xi -8.007 -3.816 -12.14 1.7181 -4.774 -2.687 -0.732 0.1519 -0.643
Type SB SU SB SU SB SB SB SB SB
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