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Applicability of a Multiplicative Random Cascade Model for Disaggregation of Forecasted Rainfalls
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Abstract

High resolution rainfall data at 1-hour or a finer scale are essential for reliable flood analysis and forecasting; nevertheless, many observations, forecasts,
and climate projections are still given at coarse temporal resolutions. This study aims to evaluate a chaotic method for disaggregation of 6-hour rainfall
data sets so as to apply operational 6-hour rainfall forecasts of the Korean Meteorological Association to flood models. We computed parameters of a
state-of-the-art multiplicative random cascade model with two combinations of cascades, namely uniform splitting and diversion, using rainfall
observations at Seoul station, and compared statistical performance. We additionally disaggregated 6-hour rainfall time series at 58 stations with the
uniform splitting and evaluated temporal transferability of the parameters and changes in multifractal properties. Results showed that the uniform
splitting outperformed the diversion in reproduction of observed statistics, and hence is better to be used for disaggregation of 6-hour rainfall forecasts.
We also found that multifractal properties of rainfall observations has adequate temporal consistency with an indication of gradually increasing rainfall

intensity across South Korea.
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7VFIEARS} 7|5k AU 9.5 o] 85T of ] dA-tol|A]
SEuete] g e 5713 20 R A=Al Q)rt (Lee et
al,, 2011a). 7|4 UEAFE 2| Bt 74w A4 Sk 9l
o, AL b FO| R4 WAL el SHge]
o312 ujj-&- AFA| A o|ct (Choi, 2002; Jung et al., 2011; Lee et
al.,, 2011a). 574 A| E3F Q] MF5at apxl o) vig=5o] &
A] ok 77 ot =afal| o] AR 7} ofu ] o] o] Tigh oy
HI7FHEEA] F @ aje) wfeha] R Vel Sl Ady
Hlof] Wzol @ hom 24491 4% o] 8t QJrk

SEetoA] SolEe TS FPARE 7RO R =7
7} 2ok (Han et al., 2009). SHA|RF & 7 p-Hko =2 =
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ol e A7 H 87| wiZol L Ago] 414 g
w7}k oIS 501, 7172 54 i AbR ] FH|o i (http:
//www .kma.go.kr/weather/forecast/timeseries.jsp)= 6A|7F
whelR Al Qo] o] gehye Aehtiehe hnd
o] Qe AAgE] ofele FejE ApAm gl SR o=
1AIZH k] 719 A A| o] §4 3 40] @)L (Linznar et al,
2011, Koutsoyiannis and Langousis, 2011), £3] 52| vk
o] - WE AR5 ok wofli= T AT AT BRE- arsl e
T 7R 0] 7Hgol R} s A o) AJekeof Rk mIAIA
th(Berne et al., 2004). 1e{i} of| R A} = Bl ol a} 79 2
o] k=Tt o] FojA| = L= o o] Frhsh 7]t A
U] @ ot ATkt Aek9] = Alg=ar Qlof Ak o] ARE
A e HAle TS S A 4 Sl AP AR A
o]t} (Lombardo et al., 2012).

ARH Bl e - AR, 7V el 22
U5 Sy} Ads| Adst] flsiAe -
AREES7F HepAolok. e a JelE eSO
T3] a7 1H 2] Adsol Sraliid o Al PR
Al Flc} (Miiller and Haberlandt, 2015; 2016). ZA5H4 5-&
ZAEFA H o] S22 AM-E1=1| 1 of| 2 Poisson cluster &
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(Onof et al., 2000), Markov Chain =& (Serup et al., 2012)
5ol Sk, 53] ZEg o]ge| 7Nk & 7heE] el
Multiplicative Random Cascade (MRC) &2 7195 Al
748 23 el chfsbA| 2148 4 Gl elAo] 2 ol
T} (Paschalis et al., 2014; Licznar et al., 2015).

MRCE&-2-Mandelbrot (1974)0] A|Q ket i2her E4J 0] Q4]
20| 831= g © & A~ EEoR) A= Gupta and Waymire (1993)
7h 7] S =S ol 7] SRR o= T ARRo] AR
Bl 5 AR} ARHESE AFEHESI7E HolAaOlsson,
1998) =& HolS 7IHke = go|e] 74-9-2] ARESlE §3t
A9 T=3)14] (Licznar et al., 2015), 7|15 of&l-S- 1125t
A|7F 53] (Lisniak et al., 2013) S AR Holr} ©-2 s 98]
A3 ik MRCEBE B4 S 0] A58 ARHstske
L2 ARgo| ABlElo] YRt 2L Miiller and Haberlandt
(2015, 2016)7F EA] 5] 0] 7 9-2affdE AI¢ kel MRC =2
2 o 8T T AH] 7R5 AL A0 AHEA &
- R 2o = SRIE ik

B o] B28 o|gA| A MRCEES 7125} e uf

6 AR 7H9E 1AREOR B3t 1) S48 o= 1] 3
718t 4ol dh At S BIsHE Zolck 714 54]
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1. Multiplicative Random Cascade (MRC) 2g

H o5Lo) A= MRC 232 Miiller and Haberlandt
(2015)7} AJATeF Microcanonical Random Cascade X% © &
Fig. 19] 7|12 2|5 =235k Miiller and Haberlandt
(2015)= 24 X7k 702 | A7} 7.2 Ballsl7] 9J5) Uniform
Splitting (Fig. 1(a)) I} Diversion (Fig. 1(b)), & 7}A| &El2]
Cascade &2 =2 Aller-Leine 7} -8-lo]| AJ& 8519911
Uniform Splitting®] 931 A5 &RI5t9tk Uniform
Splitting>- 24 A7+ 73-9-5 WA 3719] 8AIXF 7= Faffslar 8
AZE 792 ThA] 330 AF 128 Bafjslk= uholal Wi
Diversion& 24 X171 7195 53]0]| AA] 122 B3)lsk 5 0.754]

Enclosed cells (W-W-W)

Isolated cells (D-W-D)

Ending cells (W-W-D)

Fig. 1 The concepts of uniform splitting (a), diversion (b), and categorization of cell location and amount for splitting (c). W and D indicates

wet and dry cells respectively
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ko & Rl 795 Tl 1AREe = 718 R dshe otk

SrofiEel ARSE dlAE Sl Al w2 7S S,
6AIZE W9 A9ARE Hafole AoluE B Aol
Miiller and Haberlandt (2015)2] WS o 712k} 514
t}.Uniform Splitting - 0]-88 73--23]9] B3l (6A]7F— 24]
7r— 1A7H 9O 2 1A|I7F 75 Yojd 4= 9131, Diversion 2]
749 35)0) s} 18]e] QAR (GARE— 347 1.5
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I S Tkt Ut
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A7A, wi, W, Wi ZF AR Baflw] = 7-9-0] ¥, P(0/0/1)
L 7071 37) 2= 5 Hl|o] A ut BalE kg, P(0/Ya/Y%)-& = )
= Bald 818, P(V4//4/74)2 Al 1= 2allE EE otk Miiller
and Haberlandt (2015)= A 714 74-$-2] P(0/0/1)3} P(0/Y4/ %)
& el L B AMSRIon] - Ao] £ 5

o A o] A Bl o et 1l e B AL 71AE)
ek g 7)9) 7h$- o] T |2 Bl 3-8 SAlstekd ok
Stk
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21790 B1E-2 OJuIIe. 78971 7 e A Bl v x
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O 7 - APl 7?*1“’\]@@ &30l AR|7] wize] o] & Hek
3}7] $J3l| Miiller and Haberlandt (2015)+= 739 2= 1S
ARSI 4] (1) AH§3 tholl= 95 IE Shgo] 3
o Jzom o Mg = Az Besl] 7 newe
P(O/O/l) P(0/Y4/%5), P(Y4/Y4/44)& wha 28351501, A (2)9]

Solliz Tt 7924 5 7Ho] 79 Alo] 74 4 Q= 71 9]

i
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i

Z] (starting, enclosed, ending, isolated)E o183} 87}A] = 7
© Ao Hesto] P(0/1), P(1/0), P(1/1)1} f(x)E &85kt
(Fig. 10). B3] 749 Alnje} 27} o} 2182 28] 5
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A a4 9100 £ o AlRgo] e AR} ol 2ol
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Fig. 2 Locations of rainfall gauging stations selected for applying
the MRC model, The locations are numbered with the station
IDs of the Korean Meteorological Administration
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I, Zat 2 nE

1. Uniform Splitting2d} Diversion?| M5 H|n

Fig. 3-2 19874 7€ 26 4~27% WAYNH A2 ef 3
A} A 2% BbAst $ QAR Uniform SplittingY} Diversion
< o83l Baligh AAE TAISE T ot} o] AP EF Adlut

3T
2 2 A5ulohE QoY thE AR F Shtolek. A

AR 18 A7 FE 2 W7 $73-9552-284.5 mmo| L A7
o922 61.4 mm hr' o]k,

Ao ARSE MRC B2 Hafl=]7] o F704==e] 71
o= BEl= o] B2 Fig, 3of| LepH Falle 7-9-2] & 755
2 Uniform Splitting¥} Diversion X5 =739 284. 5mmi};
UKL SRARE A F| k2] 7%, Uniform Splitting
ofA1=51.5 mm hr' 2 Ut uhe, diversion © & el 79
£91.9 mm hr' 2 UERGT] o] A= 3 Ao] 79 Ale- 274
+2olfsli= Cascade S 33] 4=851= AT} 371 = H-afigh & ThA|
2702 Fafidh= 23] Cascade” | 5 73930l B 7 FgA| -3l
& 7ks7do] Atk 2 Qufgltt. o] k= 197314 E] 1995
W7HA] oot w5789-0] 7 e U e g v = Akl
= 3lct (Fig. 4).
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Fig. 3 Disaggregation of a heavy rainfall event at Seoul station of KMA using Uniform Splitting (b) and Diversion (c) method in comparison

with observations (a)
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Fig. 4 Performance comparison between Uniform Splitting and Diversion in terms of reproducibility of the cumulative density function of
observed hourly rainfalls. Colored areas indicate 99% confidence intervals of 100 random generations using both methods
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Table 1 Statistics comparison between observed and disaggregated rainfalls, Statistics for disaggregated rainfalls are given in terms of
ranges from 100 Monte Carlo simulations

S 1973-1994 1995-2014
Observed Disaggregated Observed Disaggregated
Average 2.63 2.67-2.83 3.47 3.23-3.37
Variance 239 21.7-26.8 39.9 32.8-41.8
Lag! Corr' 0.555 0.333-0.453 0.561 0.329-0.467
PIX)0J 0.112 0.104-0.110 0.115 0.119-0.124
1Lag—1 autocorrelation coefficient, 2Probabili'(y of rainfall occurrence
Table 2 Probability for splitting 6—hr rainfall into 3 son cells
Splitting probability 6-—hr rainfall above 95 percentile 6—hr rainfall below 95 percentile
P(0/0/1) 0.028 0.357
P(0/%/%) 0.073 0.294
P(Ys/ Y8/ 74) 0.899 0.349
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S Ul 2ol el RASHS AT A TSI 2 7HI 2k ot fofsiu 79 o] X5 4o] ufe} ey
2] AR GhsAo] AR S HIEAARl ARSI 5 EAdo] kA Lhehikan 79 o) 21717} A I

4= dhof| gitk o]= By €8l Miiller and Haberlandt o] okal|xckar & 4= 9tk wheba] 3t RIS 71 A sl=
(2015/= 80| 9719} 7] 2AS mAG S Aol Tjslel MRCE 2 79-APo] ool ARgai7) =l Saliel 7:9] e
t}. o5 501 797t ARTER= Ao 7] E wfolli= AFYe] Ak 7HIPEE ghEo] il g 4= Qlrk 8 dlAS Sl A
R I e
iz T Al 271 2] 2 A Tefakz Aol 4] B3k 402 Kol 2l BSIS 1et MRCE
Fig. 5= | 7HA] 7-5- Ao EHOH 7o 7H =2 2718 o A2 7 AP ol theli] == f-agh A o= HekEr.
A= IS el s B Sl aek
o} x7}0.5 5 2w 9k 7151h Hlgo| F&o 8 £7] . BIE AIZH HEY

T Hl& T = tqew Starting Cell 2] 7-9- Fj&.0 & 17

B u]g, = x7}0.5 20 8RS 8l50] =1 Ending Cell] A9 Table 3] H%ﬂw 973 IFE 1995971 Tﬂﬂg
= HE, =x =3 =11 Ending Ce G

)7 o]0 T 2417 407} 1 AREOR Hale wjo] 2k
ofl= :OLH]—EHO]O] 24 & ﬂ_OJEJE]—. Enclosed CellZ}Isolated Cell B mateIch 24171 70 } Folkl Ao oﬂ_‘:_ PO = A 2
o1 852 & o wtd el 7Pl N BB o o) e Hil_ejﬂ 2 550] £9 2 4]

T} -2 tjofl+= Starting A7} Ending Cell 2] x{to| F-UE3z0]
PP 91 o 20 4 $7h e TAIAe] e B

A 13 4= Qi == 2 797 /\]ZI—Q_‘: Ao] 701
FiEol 2719 ghEo] =L 7k 7}311/}L 0] AL ] ulrfje]

G—e—© Starting
%- X— X Enclosed
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0 0.2 0.4 06 08 10 0.2 0.4 0.6 08 q
Non-Exceedance Probability

Fig 5. Empirical cummulative functions of x for the four categories of rain cells in the case of above—mean (left) and below—mean (right)
at Seoul Station during 1974—1994

Table 3 Comparison of splitting probability between two periods

Coll Class 1973-1994 1995-2014
P (0/1) P (1/0) P (x/1-x) P (0/1) P (1/0) P (x/1-x)
Starting 0.314 0.000 0.686 0.294 0.007 0.699
Above Enclosed 0.019 0.014 0.967 0.041 0.016 0.944
Mean Ending 0.009 0.236 0.755 0.018 0.188 0.795
Isolated 0.097 0.032 0.871 0.205 0.205 0.591
Starting 0.551 0.088 0.361 0.549 0.142 0.308
Below Enclosed 0.139 0.129 0.732 0.179 0.191 0.630
Mean Ending 0.072 0.553 0.375 0.150 0.552 0.298
Isolated 0.376 0.387 0.237 0.424 0.379 0.197
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350] =2 7 E35} 0I5k 4= Qi) Starting, Enclosed, Ending 2 RZal4 e 2150 43| o3-S ojnslct. o|#gh &
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Fig 6. Performance comparison between before and after 1994 in terms of reproducibility of the cumulative density function of observed
hourly rainfalls, Colored areas indicate 99% confidence intervals of 100 random generations using both methods
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Fig 7. Changes in rainfall intensity (left) and P(x/1—x) of enclosed cells (right) before and after 1994
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OIS AIZHRSHE 9ISt Multiplicative Cascade T&9| XA T}
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