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4 -Acrtificial Neural Network

5 -Multi Layer Perceptron

6 -Radial Basis Function

7 -Auto Regressive Integrated Moving Average

8- Adaptive Neuro-Fuzzy Inference System

9- Direct Multi Step Neural Network

10 -Recursive Multi Step Neural Network

11-Hybrid Stochastic Neural Network of Recursive
Approach

12-Hybrid  Stochastic Neural Network of Direct
Approach

13- Feed Forward Neural Network
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1-Palmer Drought Severity Index

2-Standardized Precipitation Index
3- Effective Drought Index
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1- General Regression Neural Network
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2- Back Propagation
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Pl < -2
Extremely dry S

1- Kolmogorov-Smirnov test
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Table 2- Optimal statistical distribution of precipitation in the Gonbad-e Kavous station
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Figure 5- SPI time series over different time scales for the Gonbad-e Kavous station

s g objyl sl jlre Shas oS 5 L oslanily 1) Jgl (g4, sl
(6%3) a5, 18 39y ;o sl SPI (sanlonn cilisea (gl plida

10 55 4 3 GRNN 5 RBF ANFIS (cla b, usl azils
3 Slas ggazee ;3 cplply (wlai S I8 cunss 4y 3,13 53
b9y Pt 2 il 039 Ly pluw jl 2ee ANFIS (3,
it P33 4 1 65533 L9 L, GRNN s, ANFIS
ol i 265 51 0 Slos
Jame bt 3 )Sos 5,8 o)Ll ] 4y s 45 (6,505 e S5
- o sl sle sles 5 Jie gl 4 ix a5l GRNN
P L gyl Lo yigy plaw b alie Ly, 5, Sloe SP1 i
Lol il il gyt 5,Slhas gy soles 5 SPI2A i st
5 0523l oo SEalS g &b cul @ Ubjgel s LB aiSS
Fel)ly S 4 s GRNN .l ol dige yralyl Sbesl gl s

otlojl b so d bypo ¢ L)) slojlas polis 3 Jouo
Loy ploi 3 Jpiar bl 2 amo o ol 1y cilise (slo g,
50t SPI2A i 53 9 €85 (p5eS SPI (i 5
O ot oy MLP (g, 30 a5 (gozudy lails 1y éo
0/949 4., 0/009 ;1 o sUwlxe p3lio g SPI Slualio yolie
GRNN 5 RBF ANFIS (sl g, 5|y cpinped b o il
0/953 1 0/263 0/925 5 0/021 )  Ssurod o pd oy &
yiio SPI24 4 SPI1 polée (i iy sy 0/955 1 0/210
ol
b)) slylns polie (LS sy S5 ) ooluel 3 Jgas 5
15 3)50 (@bl Jhme bl ey o 4y & Canl oad anigs
ot 53 Lo gl g s oo LS 1) SPE a3 LS sty
SP112 4 SPI9 SP16 SPI3 i i ,» RBF 34, SPI1

=i GRNN g, SPI24 o iy > s ANFIS o,



255

r LSS S 30 (9w 9 63 6 ybT (omas slaasiud 8 L5

w‘yewo&u;)dhwﬁ) u.c)_.ud_:l))‘wu_lo)b)a;uiwu)lmﬂwl wl9
oled 5 el Casyu yLas 5l aSiis oyl 03,5 o asude

FUSiS Sl 3 it (sdae gl (25! L )lne -3 Jgur
Table 3- Performance measures for the various models in forecasting drought

099 AL SPI1 SPI3 SPI6 SPI9 SPI12 SPI124
Method Performance measures
et e 3 3 2 1 1 1
The optimal model
MLP R 0.009 (4) 0.645 (3) 0.804 (1) 0.879 (3) 0.927 (2) 0.949 (3)
MAE 0.794 (3) 0.560 (4) 0.458 (2) 0.317 (3) 0.249 (2) 0.149 (1)
RMSE 0.997 (3) 0.703 (4) 0.571 (2) 0.399 (3) 0.307 (2) 0.254 (4)
et o 2 1 1 1 1 1
The optimal model
ANFIS R 0.021 (3) 0.653 (1) 0.801 (2) 0.885 (1) 0.915 (3) 0.925 (4)
MAE 0.835 (4) 0.532 (1) 0.453 (1) 0.303 (1) 0.238 (1) 0.187 (3)
RMSE 1.012 (4) 0.668 (1) 0.562 (1) 0.390 (1) 0.305 (1) 0.244 (3)
et e 3 1 1 1 1 1
The optimal model
RBF R 0.263(1)  0.626 (4) 0.783(3) 0.860(4) 0.910(4)  0.953(2)
MAE 0.806 (1) 0.559 (3) 0.473 (3) 0.348 (4) 0.276 (4) 0.118 (4)
RMSE 0.989 (1) 0.692 (2) 0.599 (4) 0.439 (4) 0.337 (4) 0.243 (2)
et e 3 3 2 2 2 1
The optimal model
GRNN R 0.210 (3) 0.648 (2) 0.776 (4) 0.883 (2) 0.928 (1) 0.955 (1)
MAE 0.808 (2) 0.558 (2) 0.474 (4) 0.314 (2) 0.250 (3) 0.171 (2)
RMSE 0.992 (2) 0.694 (3) 0.589 (3) 0.398 (2) 0.310 (3) 0.232 (1)
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Figure 6- The results of calculated and forecasted values of SPI in the Gonbad-e Kavous station
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Tabel 4- Comparison mean test for observed and forecasted SPI time series

ke Z oyl
Mean Z- Statistics
i‘sﬁt; MLP ANFIS RBF GRNN MLP ANFIS RBF GRNN
SPI1 0.229 0.002 -0.011 -0.071 -0.031 2.142 2.188 2.822 2.450
SPI3 0.420 0.267 0.278 0.303 0.333 1.209 1.209 0.976 0.778
SP16 0.563 0.425 0.471 0.532 0.431 1.019 0.689 0.220 1.025
SPI19 0.616 0.541 0.541 0.609 0.527 0.624 0.624 0.053 0.723
SP112 0.662 0.586 0.606 0.633 0.609 0.635 0.456 0.241 0.442
SPI124 0.833 0.780 0.792 0.783 0.783 0.435 0.341 0.416 0.423
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Introduction: Due to economic, social, and environmental perplexities associated with drought, it is
considered as one of the most complex natural hazards. To investigate the beginning along with analyzing the
direct impacts of drought; the significance of drought monitoring must be highlighted. Regarding drought
management and its consequences alleviation, drought forecasting must be taken into account (11). The current
research employed multi-layer perceptron (MLP), adaptive neuro-fuzzy inference system (ANFIS), radial basis
function (RBF) and general regression neural network (GRNN). It is interesting to note that, there has not been
any record of applying GRNN in drought forecasting.

Materials and Methods: Throughout this paper, Standard Precipitation Index (SPI) was the basis of drought
forecasting. To do so, the precipitation data of Gonbad Kavous station during the period of 1972-73 to 2006-07
were used. To provide short-term, mid-term, and long-term drought analysis; SPI for 1, 3, 6, 9, 12, and 24
months was evaluated. SPI evaluation benefited from four statistical distributions, namely, Gamma, Normal,
Log-normal, and Weibull along with Kolmogrov-Smirnov (K-S) test. Later, to compare the capabilities of four
utilized neural networks for drought forecasting; MLP, ANFIS, RBF, and GRNN were applied. MLP as a multi-
layer network, which has a sigmoid activation function in hidden layer plus linear function in output layer, can
be considered as a powerful regressive tool. ANFIS besides adaptive neuro networks, employed fuzzy logic.
RBF, the foundation of radial basis networks, is a three-layer network with Gaussian function in its hidden layer,
and a linear function in the output layer. GRNN is another type of RBF which is used for radial basis regressive
problems. The performance criteria of the research were as follows: Correlation (R?), Root Mean Square Error
(RMSE), Mean Absolute Error (MAE).

Results Discussion: According to statistical distribution analysis, the optimal precipitation distribution in
many cases was not Gamma distribution. The various time-scales of SPI revealed that, at least in 50% of the
events, Gamma was not the selected distribution. Throughout the drought forecasting on the basis of SPI time-
series with four aforementioned networks, 80% of the data was allocated to the training process whilst the rest of
them considered for the test process. The proper parameters of the networks were chosen via trial and error.
Moreover, Cross-validation was used to overcome the over-estimation. The results revealed that the long-term
SPIs outdid the others. Performance of the networks promoted with increases in time scales of SPI. In other
words, the performance criteria improved proportional to the increases in the time-scales. Based on the Table 3,
the least and best performance were contributed to SP11 and SPI124, respectively. In this regard, R? of MLP for
observed and estimated values of SPI vitiated from 0.009 to 0.949. Similar to MLP, correlation of ANFIS, RBF,
and GRNN increased from 0.021 to 0.925, 0.263 to 0.953, and 0.210 to 0.955. Comparison of observed and
estimated mean values via Z test indicated that null hypothesis of equal mean observed and estimated values was
only rejected for SPI1 with a=0.01. Hence, except SPI1 forecasting, the all other scenarios have remained the
mean of observed time series which highlighted the robustness of artificial intelligence in drought forecasting.

Conclusion: The main objective of the ongoing research was monitoring and forecasting of drought based
upon various time scales of SPI. In doing so, the precipitation data of Gonbad Kavous station during the period
of 1972-73 to 2006-07 were used. Based on K-S test, the best statistical distribution test for different time scales
of SPI evaluation was chosen, and then, the SPI was calculated based on the most fitted distribution. After
generating the time-series, MLP, ANFIS, RBF, and GRNN were applied for drought forecasting. According to the
findings, the lowest performance of forecasting belonged to SPI1 where its RBF’s best performance for R?,
RMSE, and MAE were 0.263, 0.806, and 0.989. Furthermore, increases in SPI time-scale promoted the
performance of networks. Thus, the worst and best performance belonged to SPI1 and SPI24, respectively.
Among the utilized models, ANFIS stood superior to the others, and GRNN followed up after it.
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