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1. Stochastic
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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


http://acronyms.thefreedictionary.com/Schwarz%27s+Bayesian+Criterion

yyay UMU Y b)m A 0,92 c@ﬁ.‘? ‘_glf,ﬂ').x:- dlﬁuﬁhsf a5

N33lp s 3l oo sloJae glo ey 3ygl gl cadllae nl 5 355 o0 odlitel WnosilagBly Clayye ggazme (3,5
35 odlew! MINITAB 14

Jeols o5 (g0 9 SPloss osmlite Jloj (g Sl 5l WmosilagBly (g bl ¢ Jso ColiS” 905l o yo o
ol dLmosilodly (g9 (ricono slogesl (rpm 5 39550 amslxe SPI o gy 1 cSiito a0 il S|
oylel 25 on ploxl it Jao ColiS wy sl galoyy (Bl I (a5l 5 B el = By S5elS (9]
1wl ¥ abasly &gty g promsl = g5 90lS” y905]

D =max|P, (X) =S, (X)| (Falayl,

gl maxd SIS b Sp(X) 5 o 408 CoB xS (515 @8 @b Pe(X) g0l oyl D &S
o) oalie N ol

(VAD Y+ Y o), Kad g ST ,50) LT oo cawdas B abasly 5l gulocs s (b3l 088 yg05] o)Ll
L
QN =n(n+2)> (n—k)™r2 (0 aal,
k=1

L Q(T) )JDLD.A Ll Lo slousl Lg).wACF @U?"k 9L =0.1ln+p+q 9 S Olialie sl n as
e olsail sl Jsds o 5l pteS Q1) liie asslis 395 o0 duwglie 0.10 (o315 anp3 b Jous 1 ol

Gl 83 ploal i yda

Egman (opas 8o S
Tt (PS> (as 885 5 (RMSNIN) " 2SSl elSiin as 855 Gilisee 55, 93 5] aalllae oyl 53
L RMSNN s 51 gled ) IS canly cuoms jd .Gl i odlaiiw] gl &y plSai> i 510 (DMSNN)
sl yu Ghgy opl sl SawlS gl Jdo diliio )l> (295 (595 SO RMSNN o, oS ol 5wl ons
Sl ey Jodlaiwl b iS5l Cygot 4 9355 0 Spgo sl 4 p5 S a9 09X S
D9 e 03 54 dm S nin Gl ey Glysa LS

Jie a ¢ows DMSNN oo o w00 8l DMSNIN s 5l slod G V- S o Caow o
RMSNN Jus s Siwlfgiwl Joo GMS 5 293 LY dn Gl dlBiin gl 2g)3 oyl «SitwlS gl
295 Y adlas (1] )3 S (o (i 1) Glej el S (298 958 2 9 Sl g e I
ol anloodjlgy U Sy Sloj 38 baimd oyl &S cuwl 155 VY (5l)ls DMSNN

hisel s slive o SIS Lo S yig) ot o0l coolitial 3,90 (3590l oS ANN 3, 93 52 )5

1. Portmanteau
2. Recursive Multi-Step Neural Network
3. Direct Multi-Step Neural Network



av ) (S0 oS WS g SyiwlS giw! g0 ke du e

JUST @b g 3w - Ol JUil 2 cos e 29)% 9 (sise LY )3 o3l 290 JUi] b g s L] ey
A5 4B L ) aSed el e BY S L g Ad e L0 el 1SS dla L dgy las

St

Si1 St+1

AP |
Jsl Sl o8

St2

St-3

Si+1

St
R L] _;I.u_j ;elf

St
Stz
Lgay  ASeaY sl

(w2) DMSNN g (Cowl,) RMSNN Jato .Y JSois

4555 e 5 e 9ol bl At (e 5 93909 9y IS st <85 YL Rl sl

rin Y B S 5l isee LY (slanyg i olaad 93,8 o0 st N B S 5l e 9 (639,9 LY slagyg s ol o8
ol l plos .o odlaiul 4 5590l (gly Yooo BAAYY Sloj 8,93 (,blie (63959 (slacyg,s dlaxs M) 5g
0a3Ld bl jo a8 olaylis b 9 €855 )18 () 3)90 Glie 8l b 53 (pungianliyy )b 5l bl
DMSNN 3 RMSNN Juo &gy jdlo wizsl 1) i s oy 528 (RMSE) "l Slaypo 1530ke dddy

e S ] (Srwwone

SPI Slej slacspw sl gl 2 pl8 033150 U o5 G sla i by Tl 5 oo sla e (riwcoms sl
L Sy BUd i i 9 ododnlie ydlie e 28,5 pbol coiie (gly Jdo bl y oV Y2 ) 59
Syome | gy (Simsod oy s RMSE adli duloee o)l 5l ¥V Yo+ ) 5,95 15 SPI gl 4y pl5 o35l5
0B s sies 9 oddodalie Clib Auglis 4y 0Ad w5 oddodalie yolis duglie yogMe i) )|, duylio

5 o2lizel T S SUIS o )lel 1yl ) (glyy s axsls,, SPI

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



"y ) (S0 oS WS g SyiwlS giw! g0 ke du e

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.



