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EXTENDED ABSTRACT

Introduction: Forecasting the trend of storms provides the possibility of planning to control the
dust crisis for managers and officials. Artificial neural network patterns are among the most widely
used methods for prediction. In most studies, researchers form several models to find the most
suitable artificial neural network model that is more accurate in order to choose the model that has
the most accuracy. The aim of this research is to combine the multivariate regression model and
ANFIS fuzzy neural network in order to achieve the appropriate model faster.

Material and methods: In this research, the data of dusty days, temperature, rainfall, relative
humidity taken from Zabol synoptic station, statistical yearbooks and statistics related to Hirmand
river flow have been used. At first, using rainfall data to check the drought situation, the value of
SPI index was calculated in R-Studio programming software. Then, the multivariable regression
model was estimated using temperature data, maximum wind speed, Hirmand river flow, SPI
index and the number of dusty days with the help of Eviews software. Finally, two ANFIS neural-
fuzzy network models with different inputs were developed in MATLAB software. In this way,
the input variables to the first model were randomly selected and the output of the regression
model was used to determine the input variables of the second model.

Results and discussion: The results showed that dusty days have the highest correlation with
the Hirmand river with a coefficient of -0.70 and then with the drought index (SPI) with a
coefficient of -0.65. The SPI index includes positive and negative values, in the years when the
value of the SPI index has decreased and indicates drought, dusty days have increased. After
that, the correlation coefficient of temperature with the number of dusty days is 0.56 and finally
the correlation coefficient of wind speed with dusty days is 0.45. The results of multivariate
regression estimation showed that the variables of Hirmand river flow, SPI index, temperature
and wind speed have a significant effect on the number of dusty days and their coefficient sign
is as expected. Finally, using MATLAB software and ANFIS model, two models with different
inputs were checked. In the first model, the variables of temperature, relative humidity and
rainfall were used as inputs. In the second model, the variables of Hirmand river flow, SPI index
and temperature, which according to the results of correlation coefficients and regression
modeling had the greatest impact on dusty days, were determined as inputs. The results of the
evaluation of two models showed that the second model, which is based on the results of
regression modeling and examining correlation coefficients, has less error.

Conclusion: Predicting incidents is very effective in informing managers and planners in order
to manage risks. Artificial neural networks are among the most important methods for
prediction. But it is very important to choose the right inputs in order to increase the prediction
accuracy with artificial neural network. In some studies, researchers have to build several neural
networks to choose the one with the least error, which requires spending a lot of time. In the
present research, firstly, the correlation coefficients between all the considered variables were
calculated and the influence of the selected variables on the dependent variable was evaluated
by estimating the multivariate regression model. The results showed that if variables with the
highest correlation and significant impact on the dependent variable are selected as inputs to
the fuzzy neural network, the accuracy of the ANFIS neural-fuzzy network increases.

Keywords: Drought, Standardized precipitation index, Adaptive Neuro-Fuzzy inference
system, Sistan region.
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Fig. 2- Flowchart of the research method

VEB oo o) o)l T 05 s slarme pole aslila



OSe g yee

asly onl el adl RSl Lees S s alioble
Olyee 4 (SPI) JloSis aoli 1) Sien 5
polie Jolis SPI jazlis a5 (pl a4y azgi bo,lo = .20
JOR\ PP FOR COWEON- S RN ORI R SOV %
‘w).' O ¢l C\.JLu uw.ubﬁ‘ LS)L*-Cﬁ‘))f LSLQ)ﬂ) wolusl
Loo U] )l o= NG PR olDu‘ sz.im 9 LSL'A M
‘5)L¢.é5o)f sloje, L -.0F M oo dl)lo
Olyee & ol e oo (Ko 30 Sale;o 9 Wibioe

Sl Caws 4y - FO

=W
o ] g il

SN,L esls sl eolaiwl b ol ol> iagh 4o
oy (s 3 duslone 42le VY & jg0 49 SPT as L
Sy (TEM) Lo o psin fgwym (S
9 SPI a3l o (FLW) diceyu ail5-04, 0,91 (WIN) ob

(¥ J592) o dslns (STO) (5 e 90 5 sl
Slajgy b (Knror ity w0addl mls Gulul 5
(Simrad 45 Ako o 4il33g; 8590 Gliae | (55LE90 5
&l 4 azg bojls =2 Ve plie 4 wldloe ke
3351 poe Gl dilaie po JoSis Jole g
(JloSis Gl s a4 g canl siepe ailsog,

(Eend aidly :05Lo) b piiie b b (55l 90,5 (539 (ygmw st (Swrad ] b (i yilo =Y Jou
Table 2- Matrix of Pearson correlation coefficients of dusty days with other variables
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Table 3- Results of multivariate regression modeling of dusty days with other variables
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Variable Coefficient SE t-Statistic Prob.
C -88.080 79.162 v-1.11 0.282
FLW -0.005%* 0.002 -2.189 0.044
SPI -5.812™ 1.457 -3.988 0.001
TEM 8.485%* 3.454 2.485 0.024
WIN 0.633" 0.228 2.779 0.013

R-squared 0.827

Adjusted R-squared 0.784

F-statistic 19.174

Prob (F-statistic) 0.000

Durbin-Watson stat 1.640
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Table 4- Assessing the validity of neural-adaptive fuzzy inference models
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! Standardized Precipitation Index (SPI)

2 Multi-Layer Perceptron (MLP)

3 General Regression Neural Network (GRNN)

4 Adaptive Neuro-Fuzzy Inference System (ANFIS)
3 Radial Basis Function (RBF)

¢ Root Mean Square Error (RMSE)

7 Mean Absolute Error (MAE)
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