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Table 1. Statistical properties of the 10-minute rainfall time series
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2- General Circulation Model
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Figure 1. General structure of a random cascade model

S o Cund Y] m5er SO GIW e slayie XX

S0 o calisee gla fasr W 0 SYlas] aje8

So okl 3y00 Jho ol gl 85 nlgs 8 g
(V+) 2ib oy 008 Moy b dolas (g,liol Je

P(1J0) o>l |

POI1) Jlasl b Vo
1-W(x[x) ¢ W(X|X)

YLl xje5 o P(XIX) Jloss! b

5 P(O[1) P(1]0) ;I o (14) 039y koo ,SuS5 b calises
g aiclo YF 4 YA la i ) ool vty (claP(X|X)
oobiogsy sy Wy g (gilwdiwns o o SV
2905 odlatol i)
RDS ,l3310 5

(Rainfall ~ Disaggregation ~ Software) RDS
Sl Sloj silwdiunS slaio 4 &5 cuwl )l
b siwdtnnS Cuol o0 dps  wlidlgn oSiw]
5 SH)k oy NS plide Cuogad slue » RDS
dgdise plnl Spglss See oLl Jao I eolizal L
e B9y ol 2 RDS Jlisle s (g5l w2565l
dole ¥ SS9 osds atde (VA) (yaadl lawgs odds
ol 04 03l i Slawlre

W2=0 4 WI=1 () :jl a5)le W2 g W1 S s ds
W2=1 g WI=0 (¥ g 0 031> Lyinled 1]0 b bxiy) po &S
£589 Jxs! L(X|X) 0<W2<1 4 O<WI<I (v (0]1)
P(x(X) 5 P(O]1) < P(110) L w5 & 35 XIx 5 01 < 1[0
P(1]0) + P(O[1) + &S cuwl zsly 5 odd ool ke
b oS ol ol g oo bl Jae ,d P(XIX) =1

=W21W1

0P Jre LB GRlEl gt 4 G ol
ol Cusbge 5 a4 Wo 9 Wi (slagjy (St
) W8S amled )18 () )90 55 L
&bl Jao b ogrge aiele ¥ Sl i)l (gjlwdiwns )
aox bl o8 d9dee Jos Gyge i Suigills S
P S 4 9> Oyge  yebre wliy) saodly (390
dole LB ol Wi polie & Wl o cowdy aelo ¥A
Wi S g e o 9 e oo palie 3929 Jlo! .l
SVl @55 oy & ol o g o) dle
Cygo Gl 0dd adby S g yao o polie
F VL sbjly el mjgs sbayiall 5 (YLl jolie
Gl s b el YF
3 Silwdians ) 53k )15 plde Caogas ool
s bass d Wy g Wi Jlaisl polis oS cunl Gxe cpy



A

WAV lanli g 5los /Y 0yl /oas Jlos 5] o) o e doliiimngy

d T . . Vi=Wi*V
Lo SYLlois! au5e9 LWa old
T &y = il Vo= Wi *V
Vi=0
Vo=V
VizV
V=0

Lo b plas!
\‘d{l/

=S o) s bl sls el aalone 4>

~ RDsS )_I}AIP)J » ‘5_5L”4:“‘““§_ ,,:J“)?ill -y s
Figure 2. Disaggregation algorithm in RDS software

Y U5 0 RDS lible 5l (s pgmal 33,5 0 030 JuuS]
Cuwl odmlio J)lg
o9 Mol RDS ldley dawg ol Gua
5 Pl b by prasine 5 glolis)
oobdeiny il it Cloged slels
sodly g b L W8 sl slaolSiw)]
Al logn)

o wh s el bl cole 4 gL

FAY Y sl yolie @ly) wlbe )3 o)l (g uSejlu]
ol 0l Gy Gl 0 gels /YO 9 VD Y
Ol SesS e o a4 5S)5 jlde 5l (giledtens
2 Gl ppdy Sl (el VO 4 WY M) o wlie ]
JuST Bl 5l adgl olde S5 slaosly lible s )l
Jg'lé).) o 0 ,\.Jy u»L.o.a ) dl}bo)l) PR L;A]?I)B



SglS 5,See bl Jio bl pr 8l Sloj (silodtunS

Data Calibration Disaggregation  Results

Data
Calibration
Disaggregati

(@) Chart

() Table

Criteria

Help

esults

Precipitation

Observed Rainfall

1000

1500
Time

Generated Rainfall

—
Lo T o i |

[hy]

Precipitation

\409¢4- @06 eD

stating bores

1500

faggregation Results  Criteria  Help

o
o1

o

08
08
04
02

s

B oy

.;..v)‘w:-'f..,r'brc.«_-,}‘

endng boxes

A o
1530 36h 62 22w 12 240 153 3 G 22w 1M 24d
scale scale

) ~ RDS
e Rainfall Disaggregation Software

-1
=

’/e——e\% o

[

08
0§
047
02

=10 Prepared by
. ;:: Fazelfard M. H." and Hosseini S. H
under the supenvision of Dr. Ghorbani M. A ©$

=g~

o
G 2N 12 240 153 3w G 12

RDS ,ljale 5 5l (5 pgeas =¥ JS5
Figure 3. A screenshot of RDS software

4o jl5 SO Gloj el o ()b s bl o
Ol quje g Jlaas! palie > olacsglss sl deag
Nt e b logdl » Jls plyis 4 25800 g
L sloojls P(XIX) s jlado Iy P(XIX) (00SSlkee
OB i ) jobaie 4 (YY) adb e (ke I ieS poe>
L aiwd Va5 slaojl oyl i 4 by (Sianlg
Cpmbgo A i (Sl 1 eS¢ yidi il

] 09l S

Copogiad &S 39500 12,5 5 4B)S )15 odlitul 3,90 (2l
oolde S5 sodly wlie )b wlidofsy gloodls pjgs

&S wlide Cuogad dgg w4 1) o 1 Ll
Sad a gyli] Jae layie (Sl ol oai aidlsyy
Sl )8 3503 5 Sloj s 2 Uik ol CusBe 5 0L




AR

3 S ol g Cumdge WIS Sl sl oy Vg sl
ol Iy olos) Satguw ol i)l laodly 1 Ske
Shalie ooy Sloj gy 5l Y] plaad o
sanlio ¥ JSTo )0 48 455len ggo05m0) bilodal Cawdy
Mo Slaej o3l yo @Vlas! yolie ol s 039450 dgu 0
AU A sl o sl Jod B as b 5oy 0 b el
Nily (558 D5 45 Al o dgpitie Blisie gla NS
B a3l o Wosl Cumbgo 2 s)ltal Jao Wgo sl o)y
51855 P(OIL) « oliul slaoily o 4 el ssali
P(OI1) 31 5552 P(110) (Ll slsesls 15 5 P(1[0)
LAJ).QJ ‘LS"L»{L 9 u_»‘..\a.)] b)l: 92 P(1|O) 9 P(O|1) 9 J..w‘.:L;o
O3 0885 G il S (sl e 55008, i
£9d dows yd o)l &S pl Jlaisl ol i ol 5l any g Sis
9 Cal )J—AAA.:-: ‘J._.wl) Al wgw )9L>u U")L L 9 ooL8] dlml
(s G0 usLﬂJ ).l-’ .)).O..m 9 LsJL\A dllb o)l.: d')) J&’JL‘
alasMe IS ) 55 g o5 0303 P(1]0) 4 P(O[1) e
e bs bl llojl 9 P(XX) &35 oo
553 slool POX) 51 5552 o cslooil P(XIX) 5 o5

Starting boxes
1
0.8 —=— 1|0
x|x
0.6 o
o
0.4
G-Eﬁh“hﬁ—e—\_‘@,/ﬁ
o |
1.5-3hr 3-6hr 6-12hr 12-24hr 1-2d
scale
Ending boxes
0.8 —=— 10
w|x
0.6 o1 g
o
0.4
0.2 |
0!
1.5-3hr 3-6hr 6-12hr 12-24hr 1-2d

scale

WAV lanli g 5los /Y 0yl /oas Jlos 5] o) o e doliiimngy

2 lacglss il s 4 cage ool Sy claojl
Jle glyis 4 29300 lag] Clatil @igi g Jlai] jolie
el s 5 Sttt gl 5l U3 & (55 slaojly o
= P(I0) oo s 5 43S (oo Iy ial381 P(O]1) el
sl e St Lagl jlam g 5 gl ) U8 &5 olaejly
P laglas s Jd & alaejl 2)50 )3 09 el iy
Lol iw L Jd 48 s & s b P(XIX) by
55 slmojl ool cpl (V) Mo Ll 3] ol S
s &iad jle 4 (g 3 gl (Sloj Cusdge Ll
= Lagl 5lam g Sis bl 5l Ld a5 olaojlb -V Lus
Lol Gy b 53 5 45 lmojly =Y (2hinl e5ly) 1L
=8 a8 laojle =¥ (She ojb) 3)5 51,8 5 slaojl
Loojl =¥ (S i) ask s lagl 5l am 5 5 bl
(g3l 03L) 3, )3 i (slmosb byl Byl g3 p3 a8
g @ Glojod U5 08,5 y1a5 > Car iy o
5 045wl dlwd A dy ol iyl (gl b CusBgo
P(XX) 5 PO]1) P(1]0) JLoisl yolin i s (sl
W35 dewbrs
5 P(O[1) PLI0) sy Y Lail ylagos ¥ S
Vo Slej slapwlaie o sl b Jlds 31, P(X[X)

Enclosed boxes

0.8 —S— 10
|
0.8 ot
0-4r=.——~‘"@‘“-~__ﬁff F
0.2
0

1.5-3hr 3-6hr 6-12hr 12-24hr 1-2d
scale

Isolated boxes

0.8 —S— 10
=%
0.6 o[t

D-qrh\ﬁ'ﬂ’@\w
0.2 :
ol |

1.5-3hr 3-6hr 6-12hr 12-24hr 1-2d
scale

e slnojs (Starting boxes) bzl clnojly 5:Silue 5| yza8 yolis P(XX) 5 P(O[1) « P(10) c¥lazsl -F S

Ol Sy s oS! (Isolated boxes) »,ai sboojls o (Ending boxes) sLl sleo;l (Enclosed boxes)
Figure 4. Probabilities P(1]|0), P(0|1) and P(XB() for under mean values of Zanjan synoptic station for starting

oxes, enclosed

P(1]0) Jlaxs! polds as cowl sanlisn Jul8 .o o
A5le 5 515 olStan) (sl slagll POX) 5 PO]D)
Slally arbyn & Al (o olSiug) sk slagdl

Al o (Sloj sy > )L

oxes, ending boxes and isolated boxes

S P(O[1) P(1]0) sy Y Lais] sl loges & IS
V8 flej sLamliie i sLa Jriss M 5 P(X)
3 yeS plie g Cupsbge WS Sl sl 9y ¥ g csles
o 1y (a0 LS6s oK) (o, (glmosly Lo



Starting boxes

—&— 1|0
0.8 ®|x
hlk:
0.6
o
0.4 ;
K
D-£c9~—~—@———-_@__a/(
0 . . . I
1.5-3hr 3-6hr 6-12hr 12-24hr 1-2d
scale
Ending boxes
—&—1)0
0.8 =[x
0.6 o J]
o i [+
0.4 :
0.2
0

1.5-3hr 3-8hr 6-12hr 12-24hr 1-2d

scale

SglS 5,See bl Jio bl pr 8l Sloj (silodtunS

Enclosed boxes

0.8 —&— 1[0
=[x
0.6 o)1
0.4 (Wﬁf-e-—__ )
0.2
'I] L L L
1.5-3hr 3-6hr &6-12hr 12-24hr 1-2d
scale
Isolated boxes
0.8 —=—1 |4:|
=[x
0.6 o)1
i \\G\—\e
04F T o
0.2
0 I
1.5-3hr 3-6hr &-12hr 12-24hr 1-2d

scale

Enclosed ) ke (sleojl ((Starting boxes) oluwl slaojl 1 Sbo 5l jaS polae P(X|X) 5 P(0[1) < P(1]0) &¥leisl -0 JS5
() 8343 oS! (IsOlated boxes) 5,40 sbaojl o (Ending boxes) SLL (slao;l (boxes
Figure 5. Probabilities P(1|O) P(0|1) and P(x|x) for under mean values of Dandi automatic station for starting
boxes, enclosed boxes, ending boxes and isolated boxes

2ol 3l e o 4S8 Gygao pd Dg0d A Celu
el V¥ a0 YA Laws P(X|X) 5 P(0[1) P(1]0) Jloxs!
Od9d asie o 13T 0505 eolitwl (6 5lodinS )
Jless! polie bl Ly o iyl coud 5 Cusbge (S
155 < il a8 P(XX) 5 PO]1) P(110)
9 P(x[x) 9 P(0]1) P(10) Jlois! Ly dolas laWI
g odd ashy XX el gl cdlesy Yl a8
U9y 42 ilwdiunS RDS Jljdle 5 bz )3 5 b
Mo ) Glej sy i plosl Sl e syl
obo; oKl RDS  Juo 59y5 5 Jlinlin aele
Cowl s ol s Y o5 sl IS5 > cud g 4 g0 g
(Shwbre 5 Shalie gl )l Glej 5w calis
Lol sloand 0 SiglsgSee o)lil Joo Ul
ole aS 00,5 o dlan Mo dad o Ginled 1y (ol ol
odd gilwdnd (a9 & jo el VO Sloj (g s>

polie i 2ol 0 (pwSle Iy polie gly
polie a8 cglay ol L as S J_.ol> oSl I jieS
L51_:z,P(x|x) 5! W ‘_,&L,o )1 L;La,‘_,,)tf P(x|x)
S SYsb Sloj ojl yd (i wad b sla ik g ():’.l
bl Jae sla el )l g ol i wansl o3l kel
bl s 4 a8 adb oo o oyl b 4 atly
L5,y olie zols sl ond Olis! la gyl jlages 03,9
CpBse o S dg o)l Jase slopialyly Sty L
1) (1) 353506 5 (VA) (9l L sl sl ol
Gl 0433,5
o)k Floj s

(J-8 B 3 0ad plodl pla oy s ang b
0390 )3 j (553 5 (o o] Slej sla bl
Mo liio b Bl 1) &ilig) (gla )l g oo 5 Al o0



R

15

WY lianls g 5l VY ojled /s Jlo jusel 09> o prite doluianghs

Generated Rainfall (mm)
T T

Rainfall (mm)

0 2000 4000 6000 8000 10000 12000 14000 16000 18000
Time (A t=1.5 hr)
Observed Rainfall (mm)
20 T T T T T T T T
E15f .
E
=
£ 10F B
[3]
o
5 - -
0 TP |||‘|.Il| II l. “u L|
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Time (A t = 1.5 hr)

il VIO oo )3 ol St oSl (VL) Sloolono g () Splite sla ol (oloj (5 Jogai =5 S5
Figure 6. Graph of both the observed (lower) and the generated (upper) time series of rainfalls of Zanjan synoptic
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Table 2. The performance statistics obtained from the RDS run for Zanjan synoptic station
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Figure 8. The quantile-quantile plots for individual values, wet events durations, wet events volumes, and dry
period durations in different time scales for Zanjan synoptic station
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Abstract

Rain gauge stations that measure fine scale rainfall are mainly limited in number or in the
length of the recorded data. Therefore, temporal disaggregation models have been considered
because of their ability in generating fine scale data from coarse scale measurements of rainfall.
In this study, microcanonical cascade model, which is based on the scaling properties of rainfall
and constant volume of rainfall was used for the disaaggregl?tion purposes of rainfall. To this
end, a software package was primarily developed based on the existing theory and then applied
to rainfall data from two weather stations located in the Zanjan Province. In order to evaluate
the performance of the microcanonical cascade model, comparisons were conducted between
the observations and model results usin? some statistics including percentage of zero-values,
volume of individual values, duration of events, volume of events and length of dry periods
between events of rainfall. It was concluded that the use of microcanonical cascade model for
disaggregation of daily rainfall to 12, 6, 3 and 1.5-hour rainfall will bring favorable results.

Keywords: Ig/licrpcanonical cascade model, Rainfall, Scaling, Temporal disaggregation, Zanjan
rovince
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