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A Statistical Homogeneity Analysis of Seoul Rainfall using Bootstrap
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Abstract

In this study,
Chukwooki (CWK) and rainfall observation data set of modern rain gage (MRG) using Bootstrap

homogeneity analysis was performed between rainfall observation data set of

method. Since traditional statistical homogeneity test method are validated only when distribution of
their population is known, meteorological data which their statistical distributions of population are
complicated were difficult to verify the homogeneity and there were plenty of room for doubt for their
statistical significance using historical method. In this reason, in this study homogeneity test was
evaluated between two data sets using bootstrap method which is not necessary to infer distribution
of population. The test results show that there was an statistical homogeneity between CWK and
MRG except for slight impact of climatical trend.
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Z(daily rainfall)

Monthly rainfall

Mazimum daily rainfall
Monthly rainfall
Numbers of rainy days

Mathematical Expressions

N,ing days = Numbers of rainy days

Monthly rainfall

D, Tatio
I;amy days

Statistics
of rainy days

Monthly rainfall

Statistics which are used to test the homogeneity between CWK and MRG
to monthly rainfall

The ratio of maximum daily rainfall
The number of rainy days for each month
The ratio of monthly rainfall to numbers

t}. Monthly rainfall S 7492
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Table 2. Independence hypothesis test methods using test statistics

Test method
Null hypothesis Test statistics
Name Type
R—p
Z=|—R, rejection: |4> Z,,,, o significance level
Opr
Nom- No trend(u) .
Run test ont _ and R is the number of runs, o
PArametric | 1 gependent(e,) pp=m+1, op= (77”(” 1= 1) )
R PR 2m—1 ’
m is the number of data above(or below) median
U=y
:‘ Yl rejection: |4> 7 /2 ' significance level
g
. . No trend v . .
Turning points Non- and U is the number of turning points,
i _ og\1/2
test parametric Independent = 2(m—2) o= 16m =29
v 3 v 90 ’
m 1s the number of data
|T.1 K T 1| . . . o
Z=-—— rejection: |4> Z,9, «- significance level
Lag-1 In
autocorrelation | Parametric Independent r is lag-1 autocorrelation coefficient, p, =— 1/m,
test 0, = l(m*=3m?+4){m*(m* - 1) }]'",
m 1s the number of data
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Table 3. Results of statistical independence hypothesis test for each data sets (A.D. 1778 to A.D. 2006)

L Data RT TP AC 2.
Statistics cots Month 7 A, 7 H, 7 H, a=5%

APR 0.468 A 1.640 A 0.209 A 1.960

MAY 1.670 A 0.423 A 0.027 A 1.960

JUN 1.002 A 1.693 A 0.459 A 1.960

MO0 JUL 0.200 A 1.005 A 0.602 A 1.960

AUG 0.601 A 0.688 A 0.515 A 1.960

SEP 1.537 A 2.646 R 0.683 A 1.960

Monthly oCT 1.804 A 0.053 A 0.875 A 1.960

rainfall APR 0.200 A 1.640 A 0.322 A 1.960

MAY 1.670 A 0.423 A 0.017 A 1.960

JUN 1.002 A 1.376 A 0.436 A 1.960

M20 JUL 0.334 A 1.005 A 0.620 A 1.960

AUG 0.601 A 1.005 A 0.523 A 1.960

SEP 1.136 A 2.646 R 0.646 A 1.960

OoCT 1.670 A 0.053 A 0.884 A 1.960

APR 1.537 A 0.741 A 0.548 A 1.960

MAY 0.468 A 0.423 A 0.959 A 1.960

JUN 0.334 A 0.688 A 0.275 A 1.960

MO0 JUL 0.468 A 0.370 A 0.334 A 1.960

AUG 0.200 A 0.053 A 1.056 A 1.960

SEP 1.403 A 0.370 A 0.048 A 1.960

. OCT 0.735 A 0.053 A 0.545 A 1.960

D, .« ratio

APR 1.670 A 1.376 A 0.382 A 1.960

MAY 1.537 A 0.212 A 0.679 A 1.960

JUN 0.869 A 0.370 A 0.369 A 1.960

M20 JUL 0.601 A 0.370 A 0.335 A 1.960

AUG 0.200 A 0.053 A 1.019 A 1.960

SEP 0.869 A 0.370 A 0.126 A 1.960

OoCT 0.468 A 0.370 A 0.870 A 1.960

APR 4.076 R 2.011 R 3.310 R 1.960

MAY 6.615 R 3.440 R 4.909 R 1.960

JUN 4.610 R 2.963 R 2917 R 1.960

MO0 JUL 5.278 R 2.805 R 3.336 R 1.960

AUG 1.670 A 0.900 A 0.175 A 1.960

SEP 6.080 R 4.233 R 3.338 R 1.960

N OCT 5.011 R 3.440 R 2.585 R 1.960

rainy days APR 4.076 R 3.916 R 0.070 A 1.960

MAY 5.679 R 4.233 R 1.719 A 1.960

JUN 1.804 A 3.122 R 0.770 A 1.960

M20 JUL 4.209 R 2.170 R 0.728 A 1.960

AUG 1.136 A 0.900 A 1.887 A 1.960

SEP 4.610 R 4.868 R 1.054 A 1.960

OoCT 4.878 R 3.916 R 0.071 A 1.960

APR 0.468 A 0.688 A 0.164 A 1.960

MAY 1.670 A 0.741 A 0.209 A 1.960

JUN 2.873 R 1.005 A 0.767 A 1.960

MO0 JUL 0.601 A 1.640 A 0.512 A 1.960

AUG 0.735 A 0.741 A 2.259 R 1.960

SEP 1.136 A 0.265 A 0.227 A 1.960

I OCT 0.200 A 0.688 A 0.283 A 1.960

rainy days APR 1.270 A 1.058 A 1.683 A 1.960

MAY 0.735 A 0.582 A 0972 A 1.960

JUN 0.067 A 0.265 A 0.164 A 1.960

M20 JUL 1.002 A 0.847 A 1.099 A 1.960

AUG 0.735 A 1.058 A 2.162 R 1.960

SEP 1.002 A 1.005 A 0.435 A 1.960

OoCT 0.200 A 0.106 A 0.094 A 1.960

Note that 7 : calculated Z-value of PDF, fg: Hypothesis test result at 95 % confidence level, RT: Run test, TP:
Turning points test, AC: Lag-1 autocorrelation test
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Table 4. Results of statistical independence hypothesis test for each data sets of CWK

- Data RT TP AC 7

Statistics cots Month 7 H, 7 H, VA H, a=5%

APR 0.442 A 0978 A 0.622 A 1.960

MAY 0.265 A 0.349 A 0.073 A 1.960

JUN 0.442 A 1117 A 0.743 A 1.960

Monthly Moo JUL 0.083 A 1.606 A 0.311 A 1.960
rainfall M20

AUG 0.79 A 0.070 A 0.907 A 1.960

SEP 0.083 A 1536 A 0.628 A 1.960

OCT 0.442 A 1117 A 0.134 A 1.960

APR 0972 A 0.489 A 0.861 A 1.960

MAY 0619 A 0.693 A 1.243 A 1.960

OO JUN 079 A 1397 A 0.643 A 1.960

Dy ratio | 100 JUL 0.265 A 0.489 A 0.213 A 1.960

AUG 0972 A 0.070 A 0.970 A 1.960

SEP 0.265 A 0559 A 0.241 A 1.960

OCT 0.083 A 0.279 A 0.348 A 1.960

APR 3.094 R 1.746 A 0.383 A 1.960

MAY 2563 R 1536 A 1.221 A 1.960

OO JUN 0.083 A 1.955 A 1.607 A 1.960

Ny dars 0 JUL 3978 R 3.003 R 1117 A 1.960

AUG 1.679 A 0.908 A 1503 A 1.960

SEP 3978 R 4,959 R 0.757 A 1.960

OCT 3.801 R 4259 R 1311 A 1.960

APR 1326 A 1117 A 0.250 A 1.960

MAY 1.149 A 0763 A 1.387 A 1.960

OO JUN 0.442 A 0559 A 0.445 A 1.960

Ly days 20 JUL 0619 A 0.349 A 0.718 A 1.960

AUG 0.79 A 0.698 A 1113 A 1.960

SEP 0972 A 0.349 A 0.245 A 1.960

OCT 1.149 A 0.279 A 0.019 A 1.960

Note that z : calculated Z-value of PDF, f: Hypothesis test result at 95 % confidence level, RT: Run test, TP:
Turning points test, AC: Lag-1 autocorrelation test
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Table 5. Results of statistical independence hypothesis test for each data sets of MRG

. Data RT TP AC .5
Statistics cots Month 7 7 7 i, Z H, a=5%
APR 0.309 A 1.228 A 0.002 A 1.960
MAY 1.754 A 0.737 A 0.076 A 1.960
JUN 1.135 A 1.228 A 1.232 A 1.960
MO0 JUL 0.103 A 0.246 A 0.522 A 1.960
AUG 0.516 A 1.228 A 0.072 A 1.960
SEP 0.928 A 2.211 R 0.017 A 1.960
Monthly OCT 2.166 R 1474 A 1.683 A 1.960
rainfall APR 0.722 A 1.228 A 0.027 A 1.960
MAY 2.166 R 0.737 A 0.145 A 1.960
JUN 1.135 A 0.737 A 1.229 A 1.960
M20 JUL 0.103 A 0.246 A 0.522 A 1.960
AUG 0.516 A 1.720 A 0.084 A 1.960
SEP 0.722 A 2.211 R 0.012 A 1.960
OoCT 1.547 A 1.474 A 1.654 A 1.960
APR 1.547 A 0.491 A 0.032 A 1.960
MAY 1.547 A 0.000 A 0.590 A 1.960
JUN 0.103 A 0.737 A 1.542 A 1.960
MO0 JUL 0.722 A 0.983 A 1.164 A 1.960
AUG 0.516 A 0.246 A 0.283 A 1.960
SEP 1.135 A 0.000 A 0.485 A 1.960
. OoCT 0.928 A 0.246 A 0.835 A 1.960
D, . ratio
APR 1.547 A 1474 A 0.567 A 1.960
MAY 2.166 R 0.983 A 0.694 A 1.960
JUN 0.309 A 1.228 A 1.508 A 1.960
M20 JUL 0.309 A 0.983 A 1116 A 1.960
AUG 0.103 A 0.246 A 0.243 A 1.960
SEP 1.135 A 0.000 A 0.400 A 1.960
OCT 0.516 A 0.737 A 0.935 A 1.960
APR 3.198 R 1.228 A 0.202 A 1.960
MAY 3.816 R 3.440 R 1117 A 1.960
JUN 1.341 A 1.965 R 0.452 A 1.960
MO0 JUL 0.516 A 0.491 A 0.422 A 1.960
AUG 0.928 A 0.000 A 1.277 A 1.960
SEP 2.372 R 1.474 A 0.029 A 1.960
N OCT 2.166 R 0.491 A 1.885 A 1.960
rainy days APR 2.7185 R 4.177 R 0.522 A 1.960
MAY 4.229 R 4.668 R 1.206 A 1.960
JUN 2.7185 R 2.457 R 1.240 A 1.960
M20 JUL 1.960 A 0.246 A 0.614 A 1.960
AUG 0.309 A 0.000 A 1.389 A 1.960
SEP 2.372 R 2.457 R 0.786 A 1.960
OoCT 3.198 R 1.228 A 2.151 R 1.960
APR 0.722 A 2.211 R 2.501 R 1.960
MAY 1.547 A 1.720 A 0.720 A 1.960
JUN 0.309 A 0.983 A 0.573 A 1.960
MO0 JUL 1.754 A 2.211 R 1.094 A 1.960
AUG 0.309 A 0.000 A 1.680 A 1.960
SEP 0.722 A 0.983 A 0.608 A 1.960
OoCT 0.516 A 1.474 A 1.126 A 1.960
Lainy duys APR 0.103 A 0.491 A 2.218 R 1.960
MAY 0.309 A 1.720 A 0.550 A 1.960
JUN 0.309 A 0.737 A 0.220 A 1.960
M20 JUL 0.722 A 0.983 A 1.253 A 1.960
AUG 0.722 A 0.737 A 1.355 A 1.960
SEP 0.309 A 0.983 A 0.814 A 1.960
OCT 1.341 A 0.246 A 0.168 A 1.960

Note that 7 : calculated Z-value of PDF, f: Hypothesis test result at 95 % confidence level, RT: Run test, TP:
Turning points test, AC: Lag-1 autocorrelation test
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THE Z AT HA GE Aotk & =Rl Ms 5 Hx BE W9 WA 297 BE B 4w}
EXER WS oldste] ASAR AR 547 2O HA BE A5 ARy Bra Beixe
Agel 2ol A 2B Monthly rainfall, o gHPpHon FoFe] Zrleta Qo= ATANES
Dinax 70410, Ny daysr Lrainy doys ™ N % i*ﬂr = mdR 299 29 Hire] Tuls-HAl B AT
Apolell ek ol AAE AAleleh 5971 A5 Bup 25 o Hol d5HAS AAEUTh e
735 Z3Ade] e EA] k7] wWEell 4€elA 108714 Monthly rainfall 2] WE&HF(EADS Hiztes 22 7
of dwke] A Amst 24 g A5l v AAE W 59 Ape] 7)o #H9-EEE g Rt
AT tzo] o]#dk plagge] ApolE 2 & “ArPeba gAAS = oql7] Wil FEAANE A
7] BE9) 9} FAF AN FoAd HAS A Asgc) 1E)a REAEWS o]gdle] 2RE A
&t7] flste] < A AHRT 2 mmolste] B9 Asb7] Sl HRSAl B FEXEY WHS o8
TR AFetal sdd el dAs *‘*l shath. algla 7t ARAGER FEFEIS BE 1000312
o= 7 HA oA A= AAE S971 A A& ch
Table 6. Initial hypotheses for Differences of means and variances between CWK and MRG using

bootstrap method

Hypothesis test for same distribution at 95 % CL
Step

Test statistics Hypothesis Formula

H T=p —py =0
Difference of mean

H T=p, — e #0

Step 1: 1 Ky ™ Mo
two-side test H, T=v,—v,=0

Difference of variance

H, T=v,—vy,#0
H T=p—py =0

Step 2: Difference of mean 0 Fm e
one-side test (for monthly rainfall only) i T= 1~y <0

Note that ,, and », are
MRG statistics

424 E10%% 20094F 10H

the mean and variance of CWK statistics, n, and «, are the mean and variance of
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Table 7. Results of hypothesis test using bootstrap methods (two-sides test)

Mean Variance

Statistics | Groups | Month » o " . q, » N . . ,
APR 0.022 0.05 -28.23 -1.40 R 0.112 0.05 -3269 194 A

MAY 0.146 0.05 -24.13 3.95 A 0.768 0.05 -1613 1979 A

JUN 0.312 0.05 -42.08 11.56 A 0.300 0.05 -10072 2460 A

MO0 JUL 0.176 0.05 -93.03 19.34 A 0.804 0.05 -29605 | 34035 A

AUG 0.344 0.05 -70.94 23.41 A 0.396 0.05 -36766 10103 A

SEP 0.062 0.05 -53.43 1.95 A 0.996 0.05 -7266 9952 A

Monthly OoCT 0.442 0.05 -14.48 5.87 A 0.456 0.05 -669 1222 A
rainfall APR 0.080 0.05 -26.01 1.40 A 0.112 0.05 -3150 216 A
MAY 0.284 0.05 -22.27 7.52 A 0.734 0.05 -1540 2105 A

JUN 0.436 0.05 -37.53 16.30 A 0.364 0.05 -9613 2690 A

M20 JUL 0.206 0.05 -92.42 19.33 A 0.766 0.05 -28047 34849 A

AUG 0.394 0.05 =76.75 25.03 A 0.346 0.05 -35830 9915 A

SEP 0.086 0.05 -51.07 4.31 A 0.998 0.05 -8182 10299 A

OCT 0.730 0.05 -12.07 8.41 A 0.516 0.05 -620 1245 A

APR 0.024 0.05 0.007 0.108 R 0.122 0.05 -0.003 0.025 A

MAY 0.038 0.05 0.002 0.082 R 0.018 0.05 0.002 0.023 R

JUN 0.888 0.05 -0.039 0.043 A 0.506 0.05 -0.007 0.015 A

MO0 JUL 0.964 0.05 -0.027 0.029 A 0.002 0.05 0.003 0.014 R

AUG 0.762 0.05 -0.031 0.036 A 0.080 0.05 -0.001 0.015 A

SEP 0.830 0.05 -0.055 0.043 A 0.020 0.05 0.003 0.033 R

D ratio OCT 0.116 0.05 -0.007 0.100 A 0.002 0.05 0.011 0.045 R
max APR 0.326 0.05 -0.026 0.081 A 0.536 0.05 -0.011 0.020 A
MAY 0.160 0.05 -0.012 0.071 A 0.162 0.05 -0.004 0.020 A

JUN 0.590 0.05 -0.053 0.029 A 0.838 0.05 -0.011 0.013 A

M20 JUL 0.850 0.05 -0.032 0.025 A 0.002 0.05 0.003 0.013 R

AUG 0.964 0.05 -0.038 0.031 A 0.246 0.05 -0.003 0.014 A

SEP 0.264 0.05 -0.082 0.022 A 0.332 0.05 -0.009 0.026 A

OoCT 0.702 0.05 -0.052 0.074 A 0.262 0.05 -0.009 0.031 A

APR 0.000 0.05 -3.76 -2.32 R 0.112 0.05 -5.56 0.38 A

MAY 0.000 0.05 -3.93 -2.47 R 0.126 0.05 -5.32 0.57 A

JUN 0.000 0.05 -4.40 -2.77 R 0.712 0.05 -3.74 2.62 A

MO0 JUL 0.000 0.05 -5.45 -3.22 R 0.008 0.05 2.34 15.20 R

AUG 0.000 0.05 -4.09 -1.99 R 0.702 0.05 -4.50 6.90 A

SEP 0.000 0.05 -3.96 -2.38 R 0.940 0.05 -3.83 3.63 A

OCT 0.000 0.05 -3.33 -1.96 R 0.124 0.05 -4.65 0.46 A

rainy days APR 0.932 0.05 -0.73 0.61 A 0.902 0.05 -2.39 2.27 A
MAY 0.340 0.05 -0.32 0.93 A 0.102 0.05 -0.29 351 A

JUN 0.688 0.05 -0.61 0.91 A 0.106 0.05 -0.52 513 A

M20 JUL 0.632 0.05 -0.82 1.28 A 0.002 0.05 3.96 16.96 R

AUG 0.080 0.05 -0.12 1.80 A 0.040 0.05 0.22 10.12 R

SEP 0.984 0.05 -0.69 0.76 A 0.066 0.05 -0.17 6.28 A

OCT 0.820 0.05 -0.50 0.62 A 0.084 0.05 -0.37 3.62 A

APR 0.000 0.05 2.09 4.93 R 0.002 0.05 9.06 40.89 R

MAY 0.000 0.05 2.27 5.57 R 0.008 0.05 6.63 53.01 R

JUN 0.002 0.05 251 7.27 R 0.008 0.05 13.81 97.10 R

MO0 JUL 0.002 0.05 1.62 6.87 R 0.104 0.05 -9.45 99.09 A

AUG 0.014 0.05 0.66 6.31 R 0.782 0.05 -68.25 44.37 A

SEP 0.036 0.05 0.13 5.92 R 0.184 0.05 -33.34 142.70 A

OCT 0.004 0.05 1.23 4.84 R 0.012 0.05 6.85 71.05 R

rainy days APR 0.118 0.05 -3.66 0.25 A 0.602 0.05 -52.39 20.50 A
MAY 0.028 0.05 -491 -0.28 R 0.120 0.05 -81.77 6.82 A

JUN 0.170 0.05 -4.34 0.97 A 0.284 0.05 -18.50 69.77 A

M20 JUL 0.014 0.05 -6.99 -1.09 R 0.882 0.05 -48.74 61.86 A

AUG 0.004 0.05 -7.94 -1.33 R 0.012 0.05 -191.27 | -13.79 R

SEP 0.012 0.05 -8.14 -0.72 R 0.422 0.05 -257.83 72.99 A

OCT 0.384 0.05 -2.85 1.04 A 0.330 0.05 -23.48 57.47 A
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Table 8. Results of hypothesis test using bootstrap methods (one-side test)

M20
Data sets
p o te Hy p o te H
Annual APR-OCT 0.003 0.05 | -50.82 R 0.013 005 | -32.79 R
APR 0.018 0.05 -2.97 R 0.040 0.05 -0.99 R
MAY 0.084 0.05 257 A 0.147 0.05 5.14 A
JUN 0.165 0.05 8.07 A 0.231 0.05 10.68 A
Monthly JUL 0.083 0.05 6.83 A 0.113 0.05 10.40 A
rainfall
AUG 0.175 0.05 1847 A 0.209 0.05 21.19 A
SEP 0.044 0.05 -1.02 R 0.059 0.05 1.45 A
OCT 0.243 0.05 523 A 0.375 0.05 7.32 A
F424% #1095 20094 10H 805
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