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Abstract

In this paper, we analyze the inverse statistics of rainfall for 12 regions from 1973 to 2014. We obtain a
probability density function f(z) of daily rainfall z, and f(7,) of the first passage time 7, for a given p.
Lastly, we derive the relation between p and Tmean(p), i.e., the averaged value of 7,. The analyses result in
the  and 7, have stretched exponential distributions. Also, Tmean(p) has the form of a stretched exponential
function. We derive the shape parameter S of the distribution, and analyze the characteristics of 12 regional
rainfalls.
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1. M2

rlo

AA L] gt gubAd 42 AHE SYRTE eI, AIAEY] MEdS T5HUTE YERdTH
0] of ulsl &7 (inverse statistics)E SHHUFL TEHET W2 © FALE ot 71, F7H
T AALY] A¢ %l‘ﬂ@ﬁi Az Akl et E S 7ML A 7] Y uiE FES
==df itk ¥k, 984 BAA e $AdES SHUSE T, og3 £9Ed =2s7HA AE
= A7 = x_-ri Flo] BAl @1/\] sic}. whebA 95 A (inverse statistics)ol tdt A= A S
/‘]ﬂ(ﬁTSt passage time)ol] thgt A7} AL FLAEH FAET|Y SHEHTAE F4HoE &
A= o] ghrt.
Honerkamp$} Baumgirtner (1986)= Yo H 3 %52 A FHA|Zro] EAt vl sith= o] &0] z}H7]
FAHE A AZA FRoAME gutdog dHeA] o+ A4S M H 2 BT, Dingd Yang
(1995)2 Hel-25oA AR Bxghd 22 =dshe AIZFE E43F9th. 3 Jensen (1999)3
Rangarajan® Ding (2000a, 2000b)-2 747 e} gk EAo) sl R FHAI7He] 25 AT
t}. o]o] Rangarajan¥} Ding (2003), Ding¥} Rangarajan (2004) 152 F2 g4 Ao o) 34
2ol bHo g A EAAIE AASFY AL, Simonsen 5 (2002)7} Jensen 5 (2003, 2004) IE2 F&
FAT, BE 58 SHOE 3 FF AAEY A TS AFH R RABITE T2 A o
St ATA R AFEo] A o]RolR = AL AR AT TFANAY FAdE ZAUA BE FYE

F[E

IDepartment of Natural Science, Korea Naval Academy, 1 Jungwon-ro, Changwon-si, Gyeongsangnam-do
51704, Korea. E-mail: fieldsmin@gmail.com



426 Seungsik Min

*E2 . FEIFE FEAYFEY AT FMAE 2, http://www.ngii.go.kr

Figure 2.1. Investigated regions of rainfall. We partitioned the Korean peninsula into 3 by 3, and then selected
a region in each sector. To avoid a bias, we selected mountainous terrain, basin and sea, evenly. Finally, we
investigated three islands further.
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Table 2.1. Location and basic terrain types in the surveyed area

A AP F 45 (mm) HEAHY BE] 4 EA e
e 1,395 1960 o] d EA X X X X
=4 1,318 1966. 1. 1. 2= X O X X
AR 1,429 1960 o] A 5% X X (0) X
He 1,234 1973. 1. 1. A O X O X
oA 1,357 1969. 1. 1. =% X X X X
o)A 1,012 1973. 1. 1. =5 O O X X
Fx 1,386 19603 o)A A X X X X
A4 1,529 1973. 1. 1. o= O X X X
Fak 1,507 1960 o] A 45 X X (0] X

AR 1,324 1973. 1. 1. B A X X O O
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Figure 2.2. Precipitation time series data of 12 regions from January 1, 1973 to December 31, 2014. The figures
above show the cumulative rainfalls, below show the daily rainfalls.
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3. Hi& o|2
3.1. Stretched exponential distribution

ZHAA L] o] Aol thEt 7P AE A A B o] A (Gaussian distribution)E o] FTh= 20|
o} A 2ol FFRER} %Eﬁ% 12 (heavy-tail) & 2t A4Sl Wol &AL glrt.

719144 (memoryless property)& 7FX3 9l X483 (exponential distribution)l}, % Q1= (scale-
free) SA4L 7HA L & Hoke -E—&T’-_(power—law disgtibution) 7} thE A Q1 oo sj3tc}. A, A5
= (exponential family) o] &3= S48 5t SAAS BE3= x5 FFE A FEE (stretched

exponential distribution) 2t &3S} (McCauley, 2004).

—azB
fo(@) ~e
ol m, B =29 B¢ FFEEES dulstaL, f =12 A ALEEE gu|gtt. > 14 of g5 A
48X (compressed exponential distribution)2 Wz WHal7|= st} FHE A¢-BEE= Bgo] A
STE FHE s 7RAARE ik BTk of2 nElE 7t 4 AsEEE olER
5,

Z (Weibull distribution)$] 2433k (cumulative distribution function)$} && o] It}

l

i

B

f(x) = apz’~tem",
Fz)=P(X <z)=1—¢*",

A7IA f(z)= SELEZT, F(o)+ FAREETo|th

ool gk 2] AFEL 5 712 T4 AF volEHe FHE AFEEE gEE o= <
A= o} (WilsonT} Toumi, 2005; Lana 5, 2009). &g 23314 v 7710 S 7) 2o
ERXE WETh: A, $o7 ATt dojd FEo] A X GEFE B AR HE o|fE
S 4 9t

3.2. First passage time of rainfall

B Ao ARg3he HiolH= 127] ] I Fpolth. ATk toll A9 S S(t)etal & o,
AR 120 A%eke] BRI pB ol ATk 2 A B st passage time) & A A}
ole) N7t Aoz AR} =

oft
o

T, =ta —t1, where S(t1) > p, S(t2) > p, and max {S(t)} < p.
» P p P

t] <t<to
kol A AAF o] AFREEE o] FTHH —‘?71"—1@% 7RI Qleng, R FHAIY B2 JA] AFEE
o]FA Hrtt. AT Al Fx9] AR A S| thdt ExE AEEHA 2 BEE olf

et 3% B4 BEE gt Aoz A ULk o A
ke %%(Brownlan mOthD)‘g w2 Zlof 71918} (Ding¥} Rangarajan, 2000b).

p(7p) o T;;a

ol mf et WIS BEY AR p gkl BAATE Wk p ghe] TR 7,9 £ F8(mode) S
Zt= Zhul ¥ (gamma distribution) & W2+ 2102 delA 9t} (Simonsen 5, 2002; Ding¥} Ran-
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Figure 4.1. Probability density functions of cumulative rainfall for 12 regions. The z-axis means Inz and y-axis
means In{— In[f(z)]}, where z is a daily rainfall and f(z) is the probability density function of z. They show the
features of linearity, i.e., their distributions are stretched exponential(The best fit line In{— In[f(z)]} = ¢c1 +calnz
means In[f(z)] = —ec1te20® — _ec15% 5o f(z) = e Lee2
stretched exponential distribution). The coefficients of determination for linear regressions are between 0.936 and
0.958.

— e _

Therefore, a el and B = cg for

garajan, 2000a).

B a2

p(mp) = ﬁTp e ”.
g, Al e n,0o £xe 2A €3 vt flok. Heke 2F0l4 WEE p 3 A AL
.7t HE FEE olETHL FellA ARttt vRVIAR 4 Aewko] #dE AgEEE WEE
A EE ZQhsto] o] AFox R FHAZL 7,0 £ A FFE AFEEE o|ErhaL 7HETk]
A= AAlskT
4. 24 Ay}
TR 7 AAGY] W3k, & 949 Apeke] EAR gt pE YoM 77 A 7H(first passage time)
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Figure 4.2. Probability density functions of the first passage time for 12 regions. The z-axis means InT, and
y-axis means In{—In[f(7,)]}, where z is a daily rainfall and f(z) is the probability density function of . They
show the features of linearity for p < 16mm because the smallest coefficient of determination for p < 16mm is
0.878, i.e., their distributions are stretched exponential on the range. However, the linearity begins to violate
for p > 32mm. Nevertheless, the linearity property is still powerful on p = 32mm because the coefficients of
determination for linear regressions are between 0.777 and 0.871. We may consider that there are phase transitions
for the probability density functions around p = 32mm.
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Table 4.1. Exponent 8 of the stretched exponential distribution from p =1,...,128
Threshold p Ae X S HE Od oA FF A R Asle gEE AR

B 0.600 0.773 0.673 0.718 0.721 0.504 0.811 0.521 0.515 0.547 0.821 0.910

1mm Tmean () 4.57 4.60 4.32 439 4.29 5.09 4.05 4.68 4.78 5.09 3.35 3.73
s.e.{Tmean(p)} 0.09 0.09 0.09 0.09 0.08 0.12 0.07 0.11 0.11  0.12 0.05 0.07

B 0.445 0.501 0.549 0.548 0.515 0.431 0.571 0.424 0.488 0.433 0.890 0.712

2mm Tmean (P) 545 543 5.06 5.38 5.17 6.06 4.92 550 5.54 6.03 4.00 4.44
s.e.{Tmean(p)} 0.13 0.13 0.12 0.12 0.12 0.17 0.11 0.15 0.14 0.16 0.07  0.09

B 0.390 0.380 0.435 0.400 0.425 0.355 0.458 0.373 0.424 0.359 0.704 0.555

4mm Tmean (P) 6.91 6.94 6.29 7.17 6.45 7.78 6.33 6.84 6.75 7.67 5.15 5.71
s.e.{Tmean(p)} 0.20 0.21 0.17 0.20 0.18 0.26 0.16 0.22 0.19 0.25 0.10 0.13

B 0.316 0.319 0.354 0.329 0.343 0.307 0.342 0.334 0.348 0.307 0.454 0.369

8mm Tmean (P) 9.60 9.84 8.76 10.20 9.05 10.91 898 8.87 8.86 10.55 7.64 8.21
s.e.{Tmean(p)} 0.39 040 0.28 0.37 0.32 0.46 0.29 0.33 0.31 0.44 0.18 0.25

B 0.260 0.251 0.287 0.259 0.271 0.243 0.270 0.285 0.288 0.251 0.294 0.289

16mm  Tmean(p)  15.56 15.74 14.09 17.26 14.83 18.33 14.90 13.55 13.57 16.55 14.17 14.59
s.e{Tmean(p)} 0.89 0.94 059 092 077 1.05 076 0.65 0.59 0.99 047 0.62

B 0.189 0.184 0.201 0.185 0.196 0.162 0.191 0.209 0.214 0.188 0.187 0.194

32mm  Tmean(p)  29.61 31.38 30.39 34.70 30.38 43.97 30.36 25.85 25.24 30.20 36.20 32.20
se{Tmean(p)} 261 285 1.99 287 234 416 260 1.91 167 259 240 2.28

B 0.118 0.102 0.100 0.095 0.091 0.079 0.113 0.123 0.124 0.116 0.078 0.114

64mm  Tmean(p)  80.07 93.96 98.20 110.45 96.64 155.53 90.55 75.83 72.78 78.87 139.83 98.77
s.e{Tmean(p)} 9.11 10.73 8.98 13.08 9.93 19.65 10.51 7.53 6.96 8.67 17.42 11.14

B 0.051 0.046 0.025 0.046 0.026 0.000 0.002 0.057 0.023 0.048 0.011 0.043

128mm  Tmean(p)  389.58 389.63 467.90 450.52 485.17 2452.00 739.80 286.60 400.13 307.91 1757.00 329.61
s.e{Tmean(p)} 59.13 70.15 87.10 113.56 116.69 895.27 125.65 44.81 63.32 50.68 729.37 57.90

Ao M pFro] 128mmE Fo4 S u] EFELXL AA Fe IA AHE £ gloy, Fisl F5A
] Tmean(p) 7} 558 Z1& Table 4.104 #Ql& 4= 9t

o 193 201449 129 319717 429(15,3402) 7h, ‘A2, 24, 42, B, o
B3, A, B ARle 22T AFE S gietu 127] 9] 49U A4 gloHE
Pttt 242 oy} 2ol A 37HAE B/t o|FoRh AA, 4d
U f(2)8 SE2AT B4, 53 2 pE ASo® HolMe 77 7,9

. AeF poll thsl 7,9 S 15 £x9 FFoR
Tmean (p) & AXFEF] poll T Trcan(p) S t"ﬁ]’%% = f(x)& f(r,) EFolA FH
(shape parameter) 2] gro] m|ukol B X|=E 3 (stretched exponential distribution)Z& ©]
SHATE 3 2} Timean(p) 9] A ‘5“/\] FE A FFE o)FE AL & 5 AdTh
°ﬂfﬂ f(@)2} f(rp)7F B B3 (power-law distribution) & O] F31, p2} Tmean(p) 2] 7
AL 7= A3 FE o
N AT o A9 &
o] 7]_21— o ALy} B
tail) 2= EAsIA T
7
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Figure 4.3. Plot of the inverse statistics Tmean(p) versus p on p = 10mm to 100mm for 12 regions. The z-axis
means ln p and y-axis means In{In[Tmean(p)]}. They show the features of strong linearity, i.e., their distributions
are stretched exponential on the range. The coefficients of determination for linear regressions are between 0.9972
and 0.9996.

o % 9WAY B 5AA AL 0] FSI NP At A ke AL ¢ 4 Ak B, psh
Toean(p)9) TANA Ye) 24 o) Qe oA, $4 A, FF S0 dehdrk ol el
NEOR AL p = 6Ammol A JY) AR Fato] 1 B vekkot o8 A dol A (elE

£ €Y A4l p = 200mm< uowt) 71t AIZEE §5E Aoleke AL FAHAE 4=

A, A FHAIZH(first passage time) F4 Al AEA 8AZ A AL A4S o Kk o A&t A
g de & UL Aotk AT 929 FH A = oW dAS 236t 971 g7 7R
9] 71 AZHE F3e Aolth wEbd AL ko] 2E A AR b2 AAAHQ HolHE o]&dte] &£
At ol XFshaich. 2y F38 F9u Z-ol W 2o g Z|dsy] FE Rol AZEE B
2o EAES 78S ysthd Bok AAEHA A AT B 4S5 e Aotk 71, 94
2 75 SAXNE FESGYE ZF N duith 1958 129704 12709 A4 FELEE7F Fa Rt
). A B FEUEESE 9 78 4 9l (Figure 4.2), o|2H ¥ 745
FIHAIZES 7% S 9HE 599 Zolth (Figure 4.3). 3pAIRE Fo8 A2 4 7]
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HEE st A 542 BARTE Ads v I3t ApdE A do] EAEA SA4S 24
Althe Aotk SdAo® 39 147E 6¥ 3047HA 470 &= F235to] Ao SA4S 24T
ohd Ad=E 69 3092 Aol 7P B A vk 39 192 A< A717 AdE 69 309
I APdE 39 1Y HlolEE d5d AALR siAey] deth o2d 2AAE siEshr] Al 71k=
AlEeEeE N AA DS HolH & EolEo] AT AFAHS ddske 2AH o] gt o
ebA Bt AF o] SAle RS EE 7|7 25kl A 54 BATHE & AN 5
F PET BHE 2AE de 5 e e gEn
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