17 )LQ_I A b)w 5” dla“él).'é' dl.ibu-wbs)a

-V e a0

It oo 31 00l b (g Suid ghaw oLl 33 (T35 E999 sl

Ol).g‘s‘ oKy ‘d)’)?LﬁS d)}u 9 (wiihe LSDM‘.) ‘( ru&h 39 d)l.«j) LS)')BL-:S (i L;l):fa (S 9P N *‘_;,LLT PL;'QK
ul).e‘.: olKisly cd))ﬁm L;)’L_‘B 9 UM:..\A.Q(Q L_so.&gm;l.) 4@‘.)[)1 9 L_S)L.JT 05).? Sl — u"‘)‘&“’ )9@.:
ul).Q‘; olKaiily “_5))914..5 d)al.d 9 LSAJW db.\im)‘.) 4@‘.}[)" 9 d)b’l 09; )Lv.)L.wl - u.:l)).uo .)LQ)B

WA/ ¥ ks Al WA/ e 5l

DS

2 @l Cuprame 5 00l 2o OLYLT gi b (gl 052541 (S W)l E989 (g5lwams
50 e SYLeks!l gla oo 3 ,Slos ooyl cdarllan (4l 43 (Sl Wodguw syl 8
Plal (9, e 42 (938 Sy g o] Cgb o 9 WS (093 @595 (5 jLwdens
2 Ol 1 cwsid @595 (95152 (T folo 2 OLEMB! 2 Jso o2 e 931 () 08,5
cshad SleYb] g Jae (5 ojly (F g adlodw WleMb! w Jue o st (w0315 (Y fole
Erolylaw Lo Ju «Suis goyed Job (g5lwamd jd oS 31y Ui axlao oyl gl
S gladie Jilis ;3 (gwlgs 9 (owid @595 oS )5 9 owikid &35 95 S B94)
e 3,808 51 Ut s ol i QLI Jao o2 500 olgieds o8 5oyl 93 9 5%l 4
S (53w )3 155 83,13 5 (Y gb (G093 b (alag pr (5Ll 53 Lo
Pl 33 5 eyl S S - Sl (550U (slo 93 ol oS = ogb e (slao 93 Job
(MAE 9 RMSE) Lo yig, solod slad ud C 5w sJue glpsds (Jw ol
80293 JLEI Lo g 4l (a3 (Sid (90,95 SLET b igb yo (5120195 Job (g jlwamsd 3
SladigF 4 cams! 33Lo 55 S (50,93 350 53 e (il gy 0 SR 41 9 iigb y0
Job (55lwdnad )3 (izned Cowl gl (Jlw @gb o (52,93 )3 B yig, (oled (slas &
Slaalio g glao,lol Lais 3 (ailole) 095 9 S5l (505, 5, Shas «Suid glao e
Po—w L (g) cgb o §Laoyed Job (55luwdmnid )3 Lol 0dgr 505 (s, 51 e
3L Jloin! (g5 Lwdumd )3 Wil (550 3, 0s (had) o)k 9 (wbloaw glao,93)
o P9y ogb e 59y S 5 JLES! JLainl (5luamad 53 9 3l (pd9) «Subs 595 9

RESIUCR I

Sy g oKy ozl po (U093 St (U093 o VN> Glb Juko o 5 iy £33 00 lputelS
9

E-mail: Behnam.ab@gmail.com SO YFFAS : Jghuno 0 b g *



RN g VA 5ylesd orub (5Ll i (sla sbing \

o

doddo
1559188 ol iz bzl )3 Jgare jobody ¢ Slanlite ulilsn slo it cladllis a5l sl o
«ie Jdosay iy JSlaalie awlislen GleMbl 1y 5 605,58 o 58 oolaiwl 3y50 waldl s (g5lodids o piummwsS]
sl a8l g0 ol L Jpane oot ool (slaJite ol 551308 5 ola il ) S g b (o JelS
Shalie glag o pre gla Shy (siloand b g 03)5 00l 1) 0ad dgdte CleMbl ailys o ) t390
Ay ety Sloj sl (o g s3> sladlhg) 5 b Slsl s llis) uiblgsS 5 uibly llyy) Lalugie wiile)
salg) oleMbl pa |y iiwn Lo Jio (ol 30)5 £65 (05 Jgone iligy (cosldl SleMbl (sl jloans a8
ladse iy Goyel 4 b titad lgld S ealital Sledbl ol 5l a8 ola Jde b g 5l HLis ]y (glos i
o gizas sbJus (Sazr Joar s 5 Jasacun; bl )l p 30 Lol ol lyiear ool
Lo (VYA A0 gz ba) Klo3)S" 1S oo (S)b 8 0]y 3935 55 odas jobas oo (593 (6,83l jlas
B0 S (o )8 okl 3)90 IS (o (Giluodend 3 |y (oulidlen 150> (sl jiaite oS (oSS (sl )80l el 392
(Wl g989 pre L 98y ol 039y Bglane (5)b (slatilp 4 daJue cpl b dlaly p3 (3 5 g5 it Jg
355 3l b sl Sy byl ledblamd o )18 b Cov 55 1) il Koo (sl iite | (6l (slae ]
2l G (Stused (31 (LS 38l LS e ot |y o (500 (sl (sla s sl o dimd oo LS
g Liwgn yasie S Glpisdn (SISl - Cul Jgoms (el (pulidlgn slaiite (ole slp & - Sk Jlge
&g 2 eonlnlin 9 3 i Jlade @lge Sl gyl 1> 3L 45 Line cpl el (o (Sl Shg > ciuognl
D9 o dbml jho it plie g jho plie G (Sgal 5k Jle]

3 i)l 29 byl 989 Anl b (Silwand (lagdy) (o plpiedr SVl sla e caddlae ol 5
Ol €589 S Silwnd gy (e Sl 4 Ll )3 & Cunl (elr sadlllae I i cadlllae () il S
$5iS Y game (il i g 5 Sles yr waldl i ST gadlllas )3 &S sl D5 e e (1938 (gt )

Lol MATLAB |y gid ol Lo o 3 caalllan oyl 3 atb S ploil elbdules .35 (glofyg cionl cilao

Slass 3
03l E989 (8w

Comwdd VABY Jlo &2 bgayo ()1 g989 w8 (VL] (giluansd b dlatly 3 (oode ) (tnss & 39500 b5
Ao oyl do (69 (YFO VAN (58) il 09y JuSgp peid 50 YAD+ BAYY (5050 (glys 5 cilisS play (60,8

Job 53,5 Jao (sl (0V0 VDY) joll g cditud  Siuwwaddes gy Cobyo 9 Sid slajsy (sla s pmw &S dpw)

1. Weather Generator



ay wee 3] 03T U 199938 S gt 81Kns] 43 (S, £985 (65l dund

Tmin sl | (sbye 5 Sts slajs) JIF e n) Ogbope 5 St oy, (slagsy) slaesd
SV s e gy (SYab s slaoygd gody Jloinl 39 55,5 sy salllan 53 28 oslil
slog o jl el slaole glp DU y9iS il adlaio gy 53 (ooiin Slacsyw e G2jlp sl (BY+ VAAY)
2,8 ool Jglate

9l (=) ol Y 9 CLsal Jae S cgpiie la S b il slaJte G > 1L &S el
NAEY) possd g s S 39d o 56 e 45 Cal L5 lee dn B a8 5,8 abool 3sng0 cleMbI bl
Jae L gladonsd L) Jim Jae (im0 Sl o Jae niodbs b a5 0 1)V saipe BoSle Jao (M
P9y ey Ol Az ST a0l B alie 5)00 (SIS e S5l 2555 0l Sl 03l L (o (sa5y0 B8 le
390 93 5 pubr Ko dumlie Ll & (63)lg0 dlas ST Ll sl glite (29 93 dmalio (slp Jgd S g (i
S 3log] ages 25 ysej] el Gl e czisly

NAVF (SLgl8T) TAIC ) Lixe Ao ¢ Jiio gasiyo 5l (sl lno 51 ool ¢ oyl cpxi 53 Jsose s,
? sl ST oluly bajbes oles 93y Cusl (F5Y DAVA (5)l08) "(BIC) iy oMbl jlne L (VVE
Ly oo el ptal33) Jace s oliT glm el slass G581 L oS a2 G Jlasl ) g o3l 10 &5 iz
2L Jles! auie ol alie gl jlas 1 slaicw )y mb) 298 0 olbesl gleicuyd ySTas jlade oy 5 )5
SlisSa @5 slayially & Jo 53 isdge (258 ol laodls (] )3 & Cglis oyl bl gy Jlal JS>
gl K050 b am 2 @l S 3 b BIC 5 AIC (slojline (398 s e plaicum s (line o Nigiion e
Gl AIC JLixe ol ¥ JBls gaso by G55 Lo o a5 155,8 (£,Sdomats (VVFO 1\AYS) (Kb o 325 .0,
BIC JLixe bl oMbl (ppod (gl 45 1S o sl (YEY AAY) 55 (o) 539 by sl i 5305 0lSi

(2300 e @l i Sladises sl Liwgio 5kt BIC jline) canl (SIS S5l 54 0 B55)le Juo

V] 5 Jm 352,15 sogli 1,55 (sl se 5 03Ukl 5.5 By (5jsan
sladise ookl 0,5 )15 edlatul 550 ()b 585 il (il sl Sl o0 oS 2o, K (S
= Jles] a8 Gesiiay Sopotn (i) 3By pis b £sBy (silodund (sbras e cul 3 el Top90 Jobo
"(ARP) Cgliza 11,55 313 I Jae cul (I 3900 0303 il Coglope 5 Sis (slaoygs Jobo (o slac gl
3 oglize yobas Balay slael Ll )3 1,5 {(VFOY DNAAY (399 o olg, VA NAVA by gs) Mg so ool 35

. Wet and Dry Spell Length

. Geometric Series

. Akaike Information Criterion (AIC)
. Basean Information Criterion (BIC)
. Maximum Likelihood

. Penalty Function

. Spell-length Model

. Alternating Renewal Process (ARP)
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. Truncated Negative Binomial Distribution
. Negative Binomial Distribution

. Mixed Geometric Distribution

. Iteratively sampling

. Probability models

. Log Series Distribution (LSD)

. Geometric Distribution (GD)
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. Mixed two Geometric Models (MGD)

. Mixed Geometric Poisson Distribution (MGPD)

. Mixed Log Series Poisson Distribution (MLPD)

. Mixed log series with Truncated Poisson Distribution (MLTPD)

. Mixed Geometric with Truncated Poisson Distribution (MGTPD)
. Mixed two Log Series Distribution (MLSD)
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1. Maximum Likeliihood (ML)

2. Sequential Quadratic Programming
3. Genetic Algorithm

4. Quadratic Programming
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1. Root Mean Square Errors (RMSE)
2. Mean Absolute Errors (MAE)
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1. Lag-1 Autocorrelation (AC)
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Extended Abstract

Introduction

Models of observed daily weather sequences are frequently used in water engineering design,
and agricultural, ecosystem or climate change simulations because observed ground-based
meteorological data are often inadequate in terms of their length, completeness or spatial
coverage. These statistical models are also known as [Weather generatorslkince they can fill
missing data or produce indefinitely long synthetic weather series by simulating key properties
of observed meteorological records (i.e., daily means, variances and co-variances, frequencies,
extremes, etc.). To date, the majority of weather generators have focused on the precipitation
process in recognition of the dominant control exerted by rainfall on many environmental
processes, and due to the complexity of building internally consistent, multivariable models
(Hutchinson, 1995). However, companion algorithms that simulate other meteorological
variables are also in routine use.

Rather than simulating rainfall occurrences day by day, spell-length models operate by fitting
probability distributions to observed relative frequencies of wet and dry-spell lengths. This kind
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of model is sometimes called an @ltemating renewal processl_{Buishand, 1977; 1978; Roldan
and Woolhiser, 1982), in that random numbers are generated alternately from the wet and dry
spelllength distributions. That is, a new spell length (L) is generated only when a run of
consecutive wet or dry days has come to an end, at which point a new spell of the opposite type
is simulated.

Methodology
In this research, the performance of different probability models were analyzed for simulating

the distribution of dry and wet spells in Qazvin synoptic station (period 1959-2008), using four
methods:

1) Fitting the best models to the data of each month;

2) Fitting geometric distribution to the data of each month;

3) Fitting the best models to the data of each 3-month periods;

4) Fitting the best models to the data of each season.

The models were:
1) Geometric Distribution (GD);
2) Log Series Distribution (LSD);
3) Mixed Two Geometric Distribution (MGD);
4) Mixed Geometric Poisson Distribution (MGPD);
5) Mixed Geometric Truncated Poisson Distribution (MGTPD);
6) Mixed Two Log Series Distribution (MLSD);
7) Mixed Log Series Geometric Distribution (MLGD);
8) Mixed Log Series Poisson Distribution (MLPD);
9) Mixed Log Series Truncated Poisson Distribution (MLTPD);
10) Negative Binomial Distribution (NBINO);
11) Poisson Distribution (PD).

Results and Discussion

The results showed that in simulating dry spells, 3-parameter models (specially the mixture of
two geometric distributions and the mixture of a geometric and a Poisson distribution) were
selected as the best models. These revealed better performance of these models in simulating
longer periods because in simulating wet spells series (which includes shorter periods), 1-
parameter models were selected as the best models. For wet spells, the bias (RMSE and MAE)
of all methods increased in the dry periods of the year. This statement holds also for dry spells
because the biases increase with the start of the wet periods of the year. Again, in simulating dry
spells, the performance of the first and the second methods were better in keeping the statistics
of observed series. But in simulating wet spells, the third and the fourth methods performed
better. The first method performed better in simulating the transitional probabilities from a dry
day and the third method outperformed the other methods in simulating the transitional
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probabilities from a wet day.

Conclusion
The results revealed that the 3-parameter models outperformed the 1- and 2-parameter models

in simulating long spells. So, it could be recommended to use such models in order to simulate
(long) dry spells. Also, it was concluded that choosing the best models (according to AIC
criteria) for each month and using the geometric distribution for all months could results in a
better simulation of the statistics of the observed series. But, aggregating the monthly data into
3-month and seasonal periods could increase the accuracy in the simulation of the wet spells. It
is recommended to analyze the performance of these probability models in other climatic
stations in order to choose the best model for each station.

Keywords: Rainfall Occurrence, Probability Models, Dry Spells, Wet Spells, Qazvin Synoptic
Station.



