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Abstract
Drought monitoring systems are efficient factors in providing methods for drought mitigation

and its logic management. These systems are designed by using of drought indices and their goas
are presenting a simple and quantitative evaluation of drought characteristics. From the many of
drought indices, the standardized precipitation index is used vastly for drought monitoring. For this
purpose in the present study, meta-heuristic methods such as genetic algorithm and simulated
annealing algorithm were used for accurate estimation of this index in Tabriz station for 1965 to
2004. The results showed that genetic algorithm and then simulated annealing algorithm had better
results, respectively, in analyzing standardized precipitation index in comparison with maximum

likelihood method which was conducted to precisely monitor drought events.

Keywords: Drought monitoring, Genetic algorithm, Simulated annealing algorithm, Standardized
precipitation index
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! Method of moments

2 Hill climbing agorithm

* Goodness of fit test

* Ant colony optimization

® Probability weighted moments
® Simulated annealing algorithm
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66/29 46/98 21/11 10727 19/15 57/31 93/01 109/75 99/17 75/00 58/56 68/30 13
18/88 16/78 12/61 7/10 9/93 17177 26/62 28/23 23/65 14/73 15/41 17/56 o
-0/15 -0/24 -0/42 -0/44 -0/28 -0/20 -0/32 -0/29 -0/20 -0/25 -0/30 -0/28 k I3
-0/69 -0/68 -0/52 -0/48 -0/75 -0/98 -0/71 -0/39 -0/91 -1/38 -0/67 -0/83 h
82/18 76/99 79/45 116/63 138/25 164/25 185/44 186/96 167/55 161/93 114/22 100/64 13
19/23 16/74 27/17 26/73 33/12 33/03 30/99 36/62 34/90 20/91 25/05 22/40 o
-0/17 -0/17 -0/17 -0/16 -0/29 -0/16 -0/20 -0/15 -0/26 -0/23 -0/19 -0/22 k e
-0/82 -1/35 -1/25 -0/95 -0/75 -1/00 -1/51 -0/80 -0/73 -2/81 -0/70 -0/98 h
262/75 270/27 264/97 268/10 270/19 268/64 266/92 266/30 263/98 263/99 259/94 267/14 13
41/64 42/76 42/15 43/18 41/61 40/54 41/07 40/61 46/24 47/00 45/40 44172 o
-0/20 -0/14 -0/19 -0/13 -0/11 -0/15 -0/16 -0/17 -0/14 -0/17 -0/28 -0/21 k N
-0/89 -1/01 -0/85 -0/82 -0/86 -0/84 -0/81 -0/75 -0/73 -0/76 -0/79 -0/98 h
534/85 544/57 545/54 545/68 548/32 545/27 542/80  544/94 537/59 535/99 538/07 541/23 13
68/99 69/70 70/67 67/53 65/63 65/22 66/08 65/67 69/32 72/56 73/52 74/09 o
-0/19 -0/11 -0/10 -0/13 -0/12 -0/15 -0/17 -0/13 -0/20 -0/20 -0/21 -0/19 k Sl 24
-0/87 -0/90 -0/87 -0/87 -0/89 -0/85 -0/84 -0/80 -0/74 -0/77 -0/82 -0/88 h
1106/02  1101/02  1112/42  1108/74 1108/96 1108/84  1106/63  1109/77 1107/55 1110/56  1114/61 1118/48 £
113/28 114/20 110/03 112/72 11175 111/25 111/70 111/99 114/96 119/84 121/62 121/75 (V]
-0/10 -0/15 -0/09 -0/11 -0/11 -0/11 -0/13 -0/11 -0/11 -0/10 -0/12 -0/11 k P a8
-0/91 -0/90 -0/96 -0/88 -0/86 -0/86 -0/86 -0/83 -0/81 -0/86 -0/91 -0/92 h
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64/97 43/28 13/96 6/47 15/94 49/02 83/73 96/86 82/30 63/15 57/94 61/85 13
19/88 20/11 20/96 10/37 15/76 28/44 41/85 43/12 29/44 16/98 16/77 25/09 o
-0/24 -0/22 -0/09 -0/23 -0/08 -0/05 -0/24 -0/15 -0/34 -0/43 -0/29 -0/09 k I3
-0/72 -0/32 -0/41 -0/44 -0/05 -0/06 -0/18 -0/28 -0/01 -0/16 -0/57 -0/07 h
76/04 68/69 87177 96/46 121/65 149/98 170/81 177179 157/13 129/04 106/15 92/06 13
25/08 20/88 22/28 50/48 54/61 47/43 43/36 45/06 38/51 27177 33/90 31/37 o
-0/13 -0/27 -0/19 -0/16 -0/02 -0/03 -0/09 -0/12 -0/33 -0/48 -0/10 -0/12 k e
-0/30 -0/65 -0/31 -0/21 -0/18 -0/23 -0/50 -0/38 -0/29 -0/23 -0/14 -0/24 h
258/49 254/80 243/92 257/50 257/47 261/19 254/15 249/88 242/09 255/18 222/70 252/48 13
50/29 59/38 57/72 47/80 50/84 45/35 46/99 44127 62/08 47/92 88/82 62/07 o
-0/10 -0/01 -0/13 -0/21 -0/14 -0/21 -0/21 -0/31 -0/18 -0/30 -0/08 -0/08 k N
-0/58 -0/32 -0/11 -0/60 -0/49 -0/65 -0/44 -0/35 -0/34 -0/72 -0/41 -0/29 h
505/54 520/31 534/70 526/15 553/00 500/69 521/91 521/69 525/07 512/81 505/11 556/69 13
94/63 93/77 82/61 86/60 67/33 111/62 86/69 84/72 77/56 88/95 107/53 72192 o
-0/11 -0/05 -0/11 -0/07 -0/15 -0/06 -0/06 -0/09 -0/23 -0/18 -0/04 -0/21 k Sl 24
-0/18 -0/35 -0/68 -0/41 -0/20 -0/14 -0/28 -0/30 -0/55 -0/32 -0/06 -0/32 h
1076/16 ~ 1018/49 1068/90  1078/29  1080/95 1071/82 1063/99  1077/09 1068/33  1071/26  1056/75  1065/26 £
143/98 214/72 160/06 146/91 142/36 151/05 156/87 145/28 151/68 157/63 188/76 179/48 (V]
-0/02 -0/03 -0/06 -0/03 -0/05 -0/02 -0/01 -0/05 -0/06 -0/03 -0/07 -0/07 k P a8
-0/43 -0/21 -0/24 -0/40 -0/45 -0/30 -0/22 -0/37 -0/28 -0/33 -0/37 -0/16 h
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73/28 56/57 24/00 16/33 26/36 63/18 101/10 122/68 97/07 76/38 58/75 77172 13
15/83 14774 13/14 6/47 8/14 14/02 30/13 26/84 27/93 17/33 15/38 15/47 o
-0/28 -0/28 -0/32 -0/34 -0/19 -0/19 -0/14 -0/34 -0/33 -0/30 -0/33 -0/27 k I3
=217 -2/41 -1/04 -2/27 -2/02 =217 -0/74 -1/30 -0/54 -1/52 -0/67 -2/18 h
86/28 79/13 93/72 118/95 161/09 178/62 191/93 205/00 178/19 152/29 121/01 103/55 13
16/82 18/49 22/97 26/37 27/81 28/34 32/31 30/70 37/57 36/46 19/04 20/83 o
-0/28 -0/22 -0/13 -0/17 -0/24 -0/20 -0/18 -0/28 -0/26 -0/24 -0/31 -0/31 k e
-1/65 -7l -1/41 -117 -2/26 -2/10 -1/96 -2/43 -1/05 -1/23 -1/66 -1/54 h
268/86 269/78 276/48 277/14 284/24 285/63 260/05 273/36 273/21 275/14 275/62 272/86 13
46/30 54/49 38/75 41/71 44/85 37/70 46/53 37/69 48/92 49/15 42/53 42/78 o
-0/19 -0/09 -0/29 -0/22 -0/20 -0/25 -0/19 -0/33 -0/24 -0/25 -0/19 -0/19 k N
-1/04 -0/70 -2/05 -1/35 -1/43 -2/03 -0/53 -1/20 -1/00 -1/39 -1/38 -1/24 h
548/43 554/64 557/90 565/25 564/63 550/92 548/22 565/04 577/35 568/25 556/25 570/99 13
67/17 64/52 73/88 59/98 59/76 70/33 61/17 56/27 67/96 62/02 67/42 65/90 o
-0/27 -0/22 -0/15 -0/18 -0/18 -0/14 -0/21 -0/24 -0/18 -0/24 -0/21 -0/24 k Sl 24
-1/31 -1/28 -1/03 -1/66 -7l -1/02 -1/16 -1/99 -1/91 -1/89 -1/24 -1/13 h
1133/60  1124/11 1130/87 1131/19 1142/34 1132/40 1135/10 1132/07 1135/36 1133/12 1139/12  1139/04 £
102/35 99/34 102/85 106/00 92/57 92/52 107/14 98/60 102/01 116/41 102/52 109/94 (V]
-0/16 -0/14 -0/12 -0/21 -0/18 -0/23 -0/14 -0/20 -0/19 -0/17 -0/19 -0/16 k P a8
-1/67 -1/49 -1/36 -1/45 -1/67 -1/86 -1/32 -1/48 -1/65 -1/35 -1/82 -1/50 h




45

8330 aallls) JLSiis o 85518 sla b, 3,0

o0 sad oIl (S, edld dlas oy (3
e moss O el caba. gl slagubis
ol LS (g 5ially 59 08 sla 4 LS 5l
S s olus pad o ielly i (AN 550
Loy e B o et 5o s oS ols 1) o
s Ol e S (gloa

oo S 4 LIS oo slasiel )l (L s (4
LSt o) soliiid 4 Hlo platiye SSlaa
sis Ja 5 oSEEe a8 O b Lol
5 soliienl U €55 5o oatl o ha ot SYalas
o et SIS @ 5L e (S5 b, K
2l s Dl (i 4 Ol

088 slastal )l slaas (L2 ISI8 slagis, s (5
ool 5 S alayl dlass Ja gl Ko b
Wil Slea prcwbe HBL G a8 (i,
ol b plaliass SiSlaa (B, 58 4S50 0
GOl 5 asdee SdSde slulas il slaas
il o s Ja o gt (Lo

A sl ol usse Slaa sagane 4S5 sum s (6
Oaed3 sl padidie 55le] i slasiell 1 S
9 F38s e8I glagis, ) saliiul b il
S (38aT Cnl 5o Gally s pladl Sig e
sagane 50 O Slally 5 Sile sugane 5o & SRelil
99 olis fiaaa cail o Lasals Gualisly caead
09 gt abl lgie 4 =L eugane suh sk L

La g oo 438 S s

s2lle S sl e bLiul Giia (358 Jola )
sagane 58 00 Sially 5 iSOl sugane 5o & SRelily
G L Joaa 5o € aib oo Lasols Ll Ciuad
o0 N K il o olie cpines ol sud
sales 5 wan By S Gl adbiee =1 sugans
soliieal LIS a5 55 (sla el ol gods 4l (a5l
S aabe Sl glassls Guibols 5 Sl 3
O3 59 398 Ghgy s ulae LB (Sl
O @K S aas e olas LK mh s slasiell
-k g Sab3 al, SIS 4 93 Jue 5o 5o (B
O ol pldn WS e osul@iul Shlha gl
(2SI slagiss sad K3 WS 4, shiles
soldig) b oS aiiiua (o488 puiny (s st sla Kl
Oprdiag © Wl e cnles s Bl glaghs,
iy (e Ol g
S yaSdais

OFee 383 Gl oo els S © a8 L
rasad B s slagdipan

S wlie Sl S olsie 4 SPL paala (1
o5 wdboe soliinl LB Jlasaa bol,s Gl
Gl O Gass $olS din (pedl Gl age Slia gad
9 dsd dulae Jlo) (ule 5o gl wilg e &

aaas plasl, JaSaa alun s

K3 al, &I 5 soliial ( JLKaa Gl o (2

G Lol (Sl ol 4%, &I Gures

ouldiiul v, 40 C__rl.'m

S Olasbal ol SleSan ;551388 (s 855000 g udlloas d o8 5all d puwsa Jgiase d gadl
olidas Koe ol cosmae slayKal, 5 JlSas o3l Lo Giolea (aago SPl eals ) sulasw! b
Oleal pledial oIl 48 e e Bl ga sl 5 Gledeal pands plie 5 55 LES

laiin e Sl slagi s, O soliinl b LIS 55 slea miss slasiololy w5575 1387 s 5,40 51 e
Ol o BB Gl see oo (Lo 6 SIS Gaaslen Jlaial 05 slasslias



1391 Jlo 30 )leis 22 als 1S5 g T yzls 4yt g S e o3l Cpaes 46

Chen CS, Liu CH and Su HC, 2008. A nonlinear time series anal ysis using two-stage genetic a gorithms for
streamfl ow forecasting. Hydrological Processes 22: 3697-3711.

Chiu YC, Chang LC and Chang FJ, 2007. Using a hybrid genetic algorithm-simulated anneaing algorithm
for fuzzy programming of reservoir operation. Hydrol ogical Processes 21: 3162-3172.

Cunha MC and Sousa J, 1999. Water distribution network design optimization: smulated annealing
gpproach. Journal of Water Resources Planning and Management 125(4): 215-221.

Dougherty DE and Marryott RA, 1991. Optima groundwater management 1. Simulated anneding. Water
Resources Research 27: 2493-2508.

Guttman NB, 1999. Comparing the drought index and the standardized precipitation index. Journa of
American Water Resources Association 35(2): 311-322.

Hassanzadeh Y, Abdi A, Taatahari S and Singh VP, 2011. Meta-Heuristic algorithms for hydrologic
frequency analysis. Water Resources Management 25(7): 1855-1879.

Hassanzadeh Y, Nourani V and Abdi A, 2009. Genetic algorithm and its application in statistical analysi s of
flood flows. Pp. 403-410. 2" |nternational Conference on Water Economics, Statisics and Finance, 3-5
July, Alexandrouplois, Greece.

Hosking JRM, 1994. The four-parameter kappa distribution. IBM Journal of Research and Deve opment
38(3): 251-258.

Huang YC, Yeh HD and Lin YC, 2008. A computer method based on simulated annealing to identify aquifer
parameters using pumping-test data. International Journa for Numerical and Anaysis Methods in
Geomechanics 32: 235-249.

Karahan H, Ceylan H and Ayvaz MT, 2007. Predicting rainfall intensity using a genetic a gorithm approach.
Hydrological Processes 21: 470-475.

Kirkpatrick S, Gdlat L and Vecchi M, 1983. Optimization by simulated annealing. Science 220: 671-680.

Labedzki L, 2007. Estimaion of local drought frequency in central Poland using the standardized
precipitation index. Irrigation and Drainage 56: 67-77.

McKee TB, Doesken NJ and Kleist J, 1993. The rdationship of drought frequency and duration to time
scales. Pp. 179-184. 8" Conference on Applied Climatology, 17-22 January, Anaheim, CA, USA.

Metropolis N, Rosenbluth A, Rosenbluth M, Teller A and Teller E, 1953. Equation of state calculations by
fast computing machines. Journal of Chemica Physics 21: 1087-1092.

Mishra, AK and Desai VR, 2005. Drought forecasting using stochastic models. Journal of Stochastic
Environmental Research and Risk Assessment 19: 326-339.

Mishra AK, Singh VP and Desai VR, 2009. Drought characterization: a probabilistic approach. Stochastic
Environmental Research and Risk Assessment 23: 41-55.

Mohan S and Vijayalakshmi DP, 2008. Estimation of Nash’s IUH parameters using stochastic search
agorithms. Hydrol ogical Processes 22: 3507-3522.

Nash JE and Sutcliffe JV, 1970. River flow forecasting through conceptual modeds I: a discussion of
principles. Journal of Hydrology 10(3): 282-290.

Parida BP, 1999. Modding of Indian summer monsoon rainfall using a four-parameter kappa distribution.
Internationa Journal of Climatology 19: 1389-1398.

Patel NR, Chopra P and Dadhwala VK, 2007. Analyzing spatid patterns of meteorological drought using
standardized precipitation index. Meteorological Applications 14: 329-336.

Rao AR and Hamed KH, 2000. Flood Frequency Analysis. CRC Press LLC, Boca Raton, Florida.

Singh VP and Deng ZQ, 2003. Entropy-based parameter estimation for kappa distribution. Journal of
Hydrol ogic Engineering 8: 81-92.

Sivanandam SN and Degpa SN, 2008. Introduction to Genetic Algorithm. Springer-Verlag, Berlin.

Wilhite DA, 2000. Drought as a natural hazard: Concepts and definitions (Chapter 1). In: Wilhite DA (ed).
Drought: A Global Assessment, Natural Hazards and Disasters Series, Routledge Publishers, United
Kingdom.

Wilhite DA, 2005. Drought and Water Crisis: Science, Technology, and Management Issues. CRC Press.
Boca Raton, Florida

Wu H, Hayes J, Wilhite DA and Svoboda MD, 2005. The effect of the length of record on the standardized
precipitation index calculation. International Journal of Climatol ogy 25: 505-520.



