ITAY Ll ¥ olowd FO Jlw cormb (Wil pta o yingss

-3 A . paw

9 S I 30 (g (was (SLAS § Sl il S Juo O ylgo Ao
oudws 3 yfiliw! T yb el Ol g polio S

It oKl b @l 5 (65ysliS usdy 55y0liS plislgm w5 owlid IS ol - T b dvans
OR5 I (gl i g (65)9LiS d oSO 5 (olel (owie 09,5 Hhsliwl - Lo o8 355

WA/ F - ok b WAV VY e (5l

2SS

EP—an (mas (BaSud 5 Sl gl e (o, dglio o) il hRgd I S
! s o 5 S SlaroalB] 3 (SP1) 0 3,8iasl (55,1 (S (35 i 2
50 anlondjlgd g adlo yiui ddlodw Floj sl wldo 15 SPI sl «pol oyl (g .Cowl
Silwdie whmy oS 3 0l el YAVY-T oV 550 (b j9ulS Sy giomw oSl )l
Silwdame g dw 4 gl 4 o5 035190 U Sy sl Swrir 12 SPI (Gl slas o
Ll (DMSNN) s a5 3 (RMSNN) 5y smin 25 cSnlS g
—Coo 1 sale g e Brwgi 5Ty ¥ o e B YAYY 5,55 ) Loy e SPI sl b §
5 sainsnlin p3lie Aunlis «_xmcons A po 43 .Cd,5 1,3 aalil 3,50 o 2t
plasl L (ad L 5 (Siamod o 5 5 )bl (519051 51 03Lial b SPI 0l s ey
235 S5 bl 31 SPH SR (i g 5 B B 5t 513 idrod
ovbile o Sw i (Sloj 33 g BT 5 e Cdd Cuglgl cCalys )d L odliwl
e Floy ulille 55 (V201> i ool Cawddy gl oWl Gt JUuSWid oy Floj
e [PYA s Sl L Cud yids) S8 gl (gl Jue (IS jobds cdalondlgd g (yiind
- i 5l Ja5 51 (/A9 g /YVY o [SAY (Siumod cu pd pSilo 9 +/YFF o +/05
a2lond;3lgd o Ly cdw (Sl (wlille 45 (Y .0)15 )18 559,15 Cuglgl 13 SPI pdlie o
g+ [OY+ o [YAY LI ke L) KyiwlS giusl g RMSNN « DMSNN (5l Juto ccnsi 55

W18 158 309,15 Caglgl 43 SP1 Wb s i 0l pa5 51 (+/VD+

S o 0 3 Jiliw] Syl s bd ( JSKis o o yis copb po 5 Suis gl l) 0o jly S
EHa0 al dui s b0 i SiwlS ]

E-mail: somayeh.hejabi@ut.ac.ir SANYYAFOVE + : ghuo o daug g *


mailto:somayeh_hejabi@yahoo.com

yyay UMU Y b)m AL 093¢ r’*""... ‘_gl:ﬁl)» dlﬁwﬁsf ay

o

LY R
Saedily loj byed S (b (SG5L mals I 8b 48 cunl (Bae g 0kgd ST wlislen alas ) G Jluslis
Poo JLuSis alylus jials clasyaly )5 Joie sla JluSis adgl oMo ;I 28T i o5 bl 5l el
LS o ol Ol wlio (laptuns o pde g yaobp ) oo (i JlSidS g pin ol

S5k 5l (So3lgyien (sl pite it sl glod S jsbas ] slaams 53 SlS gral claJae
SalS g2l Cxgr (VAAF) Lgblosly g 551, alazs S 18 oolizl 350 bailssg, Bilale 5 4YLs sl 5
1y Lagl oiin SamlS gzl sl Jo jl ookl b g w50l 51,5 obj)l 590 1y (PDSH) 7 pally JLuSis cons asls
0Slee laae (Vo) oYl 9 Slo S st 9 Silwdnnd |y PDSI Sloj sl b 05,8 Giogs
g Lpin 53,8 o3litl JLuSzs slaslis, gody c¥lainl 35505 clys |y (DARMA)  dinS diandgs S joxia
i gy 1y s SwlS g cla Jacs (SPI) Toass 3 kil S5,k (asls lus (Y4 +0) i
i sl SealS gl (sl St 3,187 (Yo +V) Gayde 2538 o3liol aia SLLslS Blisgy Age > JluSiis
la JLuSits ey 5 o Uy Lo Jus ol aS ol lis 00l g, Slale el s s
i A o« SeiwlS gl sla e jleslaiwl Ly (Yo +Q) ollSen o 500,805, j5She &g, (SS5glg
Slole) glag e @l Sealgil sl (S5 Lol aislyy, Lkl (o) Jlod ) (Sjglgyin Jlusiis
b Cygpe Sloj sy ilo e 3 K03 e (2L (o)

P ey g pindlas] cadls jl g)bbyes 0 e (ANN) QL;C?L@A mas el il glaaay j
9 Ly ooy Lo 095l Ll o (Jas e Sloj sla g i 5 s Jde 33 oYL oL (gl ae
03 e JLSiS Saiin Gln ) (sias ras Al 5 ad SealS gl la s Y 0F) 5
505 dunlie SPI Jlusiis

slapadld bl o JLusiid Gagin Wln (soiae (ras eSid Jao I (Ve +V) ohlSen 5 35
23,5 odlil (EDI)” 55 JluSiis Lasls ¢ SPI JluSis

9 SuwlS gl Lo Jis ¢ Soune pas aSs slaJre o5 duslie & (V- 1) o), Ken ¢ sobld

izl 00 3kl (S5,L (a3l e 55 (KNN) Y (Soluen o 5035 b,

1. Stochastic

2. Palmer Drought Severity Index

3. Discrete Autoregressive Moving Average
4. Standardized Precipitation Index

5. Artificial Neural Network

6. Effective Drought Index

7. K-Nearest Neighbor
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1. Kolmogorov-Smirnov

2. Autoregressive

3. Markov chain

4. Moving Average

5. Autoregressive Moving Average
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1. Autoregressive Integrated Moving Average
2. Multiplicative ARIMA

3. Autocorrelation Function

4. Partial Autocorrelation Function

5. Akaike Information Criterion

6. Schwarz's Bayesian Criterion
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1. Portmanteau
2. Recursive Multi-Step Neural Network
3. Direct Multi-Step Neural Network
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1. Epoch

2. Root Mean Square Error

3. Pearson Correlation Coefficient
4. Cohen’s Kappa statistic
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Extended Abstract

Introduction
Drought is a temporary and recurring meteorological event which results from the lack of

precipitation over an unusual extended period of time. Early indication of possible droughts can
help set out drought mitigation strategies and measures, in advance. Therefore, the drought
forecasting plays an important role in the planning and management of water resource systems.

Stochastic models have been extensively used for forecasting hydrologic variables such as
annual and monthly stream flow, precipitation, and etc. in the past. But they are basically linear
models assuming that data are stationary, and have a limited ability to capture non-stationarities
and nonlinearities in the hydrologic data. However, it is necessary to consider alternative
models when nonlinearity and non-stationarity play a significant role in the forecasting. In the
recent decades, artificial neural networks have shown great ability in modeling and forecasting
nonlinear and non-stationary time series due to their innate nonlinear property and flexibility for
modeling.

The aim of this study is to compare the stochastic and artificial neural network models in

*E-mail: somayeh.hejabi@ut.ac.ir Tel: 09127965760
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forecasting the standardized precipitation index (SPI) in some stations of Iran. This is because
of the multiplicity of drought occurrences in Iran and the necessity to determine the best
forecasting model.

Methodology

The monthly total precipitation data (1973-2007) related to four synoptic stations of Iran
including Bandar Anzali (with very wet climate), Hamedan Nojeh (with semi arid climate), and
Bushehr (with arid climate) and Zahedan (with hyper arid climate) have been used after the
homogeneity and adequacy of data have been confirmed by statistical tests.

In the present study standardized precipitation index (SPI) time series (at 3-, 6- and 12-
month timescales) have been calculated for the period of 1973-2007. The most suitable
distribution function for precipitation at 3- , 6- and 12- month timescales has been determined
by Easyfit software on the basis of kolmogorov-Smirnov statistic. This is performed separately
for each month. Then, each cumulative probability density function is transformed into a
cumulative standardized normal distribution. The SPI values for the period of 1973-2000 are
used to calibrate the models and the rest of the data to be tested.

Development of stochastic model consists of three stages of identification, estimation, and
diagnostic checking (Box and Jenkins, 1976, 19). During the identification stage the candidate
forms of the models are determined using the autoregressive function (ACF) and partial
autoregressive function (PACF) and general forms of the models are determined on the basis of
Schwarz Bayesian information criterion (Schwartz, 1978, 461-464) and Akaike information
criterion (Akaike, 1974, 716-723). In the estimation stage the model parameters were calculated
using Minitabl4 software. Finally, diagnostic checks of the model are performed using
kolmogorov-Smirnov (K-S) and Portmanteau test (Makridakis et al., 2003, 185) to reveal
possible model inadequacies and to assist in selecting the best model.

In the present paper two different approaches of neural networks including recursive multi-
step neural network approach (RMSNN) and direct multi-step neural network approach
(DMSNN) are used for forecasting several time steps ahead. The RMSNN approach based on
one output node forecasts a single step ahead, and the network is applied recursively, using the
previous predictions as inputs for the subsequent forecasts. DMSNN is based on the multiple
outputs, when several nodes are included in the output layer, and each output node represents
one time step to be forecasted.

The models are evaluated with statistical tests, correlation coefficient, and error index for
1- to 12-lead time ahead forecasting over the period of 2001- 2007. Also, the capability of the
models in forecasting the SPI classes is investigated using Cohen’s Kappa statistic (Cohen,
1960, 37-46).

Results and Discussion
The results of stochastic modeling of SPI time series showed that the null hypothesis related to
the normality of residuals is accepted for 3- and 6- month time scales but rejected for 12-month
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time scales at 1% significant level in all stations. The results of Portmanteau test signify that the
chosen stochastic models are adequate on the available data at 1% significant level.

The results of artificial neural networks (RMSNN and DMSNN) modeling of each SPI time
series are presented as optimal architectures of the best number of input and hidden neurons.
The significance lead times of drought forecasting are determined based on correlation
coefficient and Kappa statistic between the observed and forecasted values of the SPI time
series in the stations of interest. Accordingly, the most appropriate models for SPI values and
classes have been determined by a comparison of three models for each time series.

Conclusion

The results have revealed that generally, for 3-, 6- and 12-month time scales, stochastic models
(with average error of 0.678, 0569 and 0.344 and average correlation coefficient of 0.682, 0.777
and 0.919, respectively) are more accurate than artificial neural network models to forecast SPI
values. The comparison of models in forecasting SPI classes also showed that the most accurate
model for forecasting SPI classes for 3-, 6- and 12-month time scales is DMSNN, RMSNN and
stochastic model (with average Kappa of 0.397, 0530 and 0.750) in sequence.

Keywords: Artificial Neural Network Models, Drought, Forecasting, Standardized Precipitation
Index, Stochastic Models, Wet and Dry Climates.



