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Abstract

Meteorological drought is a complex natural disaster that occurs everywhere in the world. Predicting the
occurrence and severity of drought can be effective in managing water crises and their impacts. The
purpose of the current study is to select the most appropriate model from statistical models and artificial
intelligence (artificial neural networks) to predict drought in Isfahan synoptic station during the span period
of 1990-1920 using the Z-Score index (ZSI). In this study, the capability and efficiency of the SARIMA
stochastic linear model and three advanced learning machine models of the Feedforward Neural Networks
(FNNs), Multi-layer Perceptron (MLP), and Extreme Learning Machines (ELM) were evaluated based on
Root Mean Squared Error (RMSE), Mean Absolute Square Error (MASE) and Mean Absolute Error
(MAE). The results showed that among the many models made, the Feedforward Neural Networks (FNNs)
model with RMSE of 0.33, MASE of 0.02, and MAE of 0.22 were selected as the best model. Using the
superior model, precipitation for the period of 2025-2021 of Isfahan synoptic station was predicted, then
based on the ZSI drought index, drought intensity of forecast precipitation data in 3, 6, 9, 12-month time
scales, 18, and 24 months was calculated. The results of drought severity predicting showed that severe
drought in 3 and 6 month time scales in 2021 and 2023 and in 9 and 18 month time scales in 2024, moderate
drought in all time scales in 2024, and weak droughts occurred at the 3, 6, and 24-month time scales in
2024 and 2025, respectively. Overall, the results showed that the use of feed neural network model was
more efficient. Since predicting drought at all time scales can reveals drought more accurately, this
predicting in turn to facilitate the development of water resources management strategies for management
of drought is effective.

Keywords: Extreme Learning Machines (ELM) Model; Feedforward Neural Networks (FNNs) Model;
Multi-layer Perceptron (MLP) Model; SARIMA Mode; Z-score index (ZSI)
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1 ZSI: Z-Score Index
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L PNPI: Percent of Normal Precipitation Index
2 SPI: Standardized Precipitation Index

3 ZSI: Z-Score Index

4 CZI: China Z- Index



UG Yo Wlbo Y€+ )l{.’ cdg,b)'@») cw&bdl») cubl:a ug‘).l.lad.g.,*w

)

IS] a3ld JUsSis ol

I81 pald JUSis il

-1/5

(W) dlizo Sloy sl whio jo lbol o] jo ZSI ozl jl coliswl b (JLuSis 489 (S i 10805 1] JSCo dolo]

(2) @l # Gloj wlsin 33 JLuSis €935 (i H1ogad () caale ¥ Gloj o y3 LSl €955 (it SIo3ad

(0) anlo 1Y Sloj wldio jo JLuslis £989 S Hloged (8) cadlo A Gloj (wlidlo jo JLuSiUS £98g (S sins Hl0903
2l VP il lin 0 JLuSCisd €589 ot 19903 (5) cablo 1A Jiloj (lodio 0 JLusSCld £ 583 (a s 1090l

GpSaxi
ol lie o pae aa)¥ ISz sla S5y csls
bl glasls Sl Jlsas b g slSly ool
oy gl gl 5 55,588 (e slagi,asln
JuSas slaasle 5l wb jolie o 0d s
S @S sl jlae jasli osh colail
Shsisz Sbi)l 0 w9 o8 slegasls
a g Lyl pelais] Baa b a5 mlgsc L;.,.;L;_.i,‘g,@
H8 oolwl 550 (Sl S o cendBl 1S et
P ssbl adly oS s cnla el ol 5o S o
dwle Grizmes g WS (o0 o Losly (5w G
sy 3l o b oolawl ((FF P ) ols (g 5esle
sosls (63955 e b giluJow jo by Jow oles
aday sl polie (nyieS elol g Joe (5L
slas jsime Sl (RMSE) las Slape (Sl
(MAE) lalls 3las 03 .Sl 5 (MASE) sllas
(Eoan omas D Joe ol plid mli il ol
ol MASE (/Y'Y 5l RMSE polas L (FNN) 39 e

Fganl ¥V gl slowlie jo wod Jlsiis

Sl sl wlbie 0 g VoYY g V-V slo Jlo ;o anls
Gader o) o YAV Jlo jo anle VA 5 anle
5 g JlSis ooren cwl ools #, leasl
Ciand JLS2S YT o il sla oo ans
5o asle ¥F 5 asle £ wale ¥V by slowlie ;o
ol 00l slast olsl ! o YYD g VYT sl Jlo
Sy slaalie 4 by o JLuSiis Sud o iy

o Logiyn St oI5 iy 5 a8l o SukaslisS
aS 009 aole YT 5 dale VA Coaily Sloj slo wlise
Eg050 ;00,8 0y (YeYOUY-YY) Jlo ¥V Sow oy
30 585 e emas 4l Jow leolaiul ols lis s
§ DS (St 5 009 e JLuSds iy 4
Sy gty il Gloj slogulie o JluSis S
6 a8 e IS8T gybyn |, LSS Cnis
Sopde g Sbibas onn opl 6pFol> Gln ke



Yy

e WO Sl (Sohan igh 9 5 bl sladus (i o)l

el S 035y o0l Jlus O 4o g b olipebsl g 0 b
4 Jow 5l eolitul a5 818 geoge cpl p oS
2l phe JlSis (o i) 50 Sl e S
s ST 63V zes b1y Sl

] jo JSis coion b o> uoghy 4o
SlSis Cuxsy Gloy o wlie der o lpasl
Ll s 4 VoY o YYY YY) ela Lo o ayad
oSy 3l (JLSas 929wl (atie edod (SW)L
Coraz 5 Sl Gl abanlsa O Lol (I8
IeS ol onl ailige 55950 S0 Bk jlean] o
Axgi 3,90 59> Hebay Hldol oK) o JLSis
Slpl als w0 sl il g w8 S 18
sl Jes & ST lale o Jlusas

S il gy | Jols s el S5 s
Lulyl o esrae (hee sladae ol s ndySlhasl |
S oo U oo cogalale ron a5 il oo ool a8
5 Silwaned )3 w08 6l plpiear esiae Shge
FB @S @ 429 b rizren aigd 2Ll o o i
Slp 2l QS peead 09800 drog (AR (nl S5
€995 3l S sla 5 adhio 0 Sy Cupine slapladl
oolatal g 4185 o 0 God (nl @l 5l o slagl 2
oldlgn Jolge a5 conl S3a 05Y ccnl 2 G938l aules
o iy ol e ps g Zagh ) s (slod ()L alaz
idlioe o gim i <85 Gl )o Jelse (0 55350 ]
ax o o5 g cds uoli8l gl 00 )3 e olpiiey 1A
sobds SiS ey Jelge Sl egian (h9a slaJoe yiin
g s U 0,5 1,8 colainl oy90 Slawloes o lejen
5 o8l Jelse (b)) 9 (Gt 0 FGES ml
g sbmgl JLSis o508 wliilsa

B References

oKl jo Jow (i Olexeds </YY ply MAE 4 ¢/ Y
RMSE solie b (MLP) aYaiz s icw s Joe g sl
5 YAY s MAE 5 +/YA ., MASE XY il
L (ELM) bl ¢ 5ol clarmile Joo pgs olSslx
2l MAE g +JAY i), MASE A/A+ 4l RMSE ;5lis
L SARIMA Slj (6w Joe 5 pse olKol> o VY/FF
MAE 5 +/AA ;s MASE AYNVE Ll RMSE ,olie
28,5 )18 a ez oSl 0 AUNY

i 4 )3 93 iy (Eyan (oras 8S0d Joe
9 43R 2 yeS b (s )0 JLSas 9 5L
ESEARN I TN SIS RN
Aol 85 0 Dhgo S Oygod ool
5wy pRalsl sb)5 L ol la Sojlul
Joe Vb g pdyBllasil g &8s izen 390 nobs)
SFn dbml el P (Foias (oras AL
ol g8 ras 8SGS Gladae ple 4 S (pwgene
V) Conl o0y andllas

Jbo 0 )0 JlSas ad ogin b))l @b
Sy sl wlaie o wad JlSes as ol lis eass |
5 s VoYY 5 VoY) ol o dnle £ g anle ¥
JevF Jle jo anle YA 5 anle 1 Sy sl ulie
Joo s sleg slagnbie amn 3 byt JLSis
wale ¥ Sy slo wlie o cams JlSis 4 V- YY
ooldl 3l Y-V o VoYY o Jlo j0 anle VY g anls £
5 b Smoim &S ol lis mll ggeme s ol
slp rpaza Ol e Coale 4 4 b JlSis
Sllodes g Sis dilaie ;0 £48g 5l 5 ax i B (e
Sszse sahs, el g ovg lals jlews )15 Jleasl
0 bl ais Joud LB C8s I b (G & 08
2SR smas 4D Jae 0D asiie ol agh
5 ateie JMie 4y (S g8y (i plasl 4 0

1. Adnan, S, Ullah, K,, Li, S., Gao, S., Hayat Khan, A., & Mahmood, R. (2017). Comparison of Various
Drought Indices to Monitor Drought Status in Pakistan, Climate Dynamics, 51(5/6), 1885-1899.

2. Afkhami, H., Dastorani, M. T., Malekinejad, H., & Mobin, M. H. (2010). Effects of Climatic Factors on
Accuracy of ANN-Based Drought Prediction in Yazd Area. Agriculture and Natural Resources, 14(51),

157-169. (in Farsi)


https://www.x-mol.com/paperRedirect/1335451832147210363
https://www.x-mol.com/paperRedirect/1335451832147210363
https://www.x-mol.com/paper/journal/7508?r_detail=1335451832147210363
https://www.magiran.com/volume/55598

FUU Y0 Oloio VE+ Y kg Jol 5l a3 JUo (bl Co prdo &g puli v

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Alizadeh, S., & Toosi, A. (2008). Development of a Model for Monitoring and Forecasting Drought (Case
Study: Khorasan Razavi Province). Water and Soil, 22(1), 223-235. (in Farsi)

Alsumaiei, A. A., & Alrashidi, M. S. (2020). Hydrometeorological Drought Forecasting in Hyper-Arid
Climates Using Nonlinearautoregressive Neural Networks. Water, 12(9), 2611.

Arjmandi Harat, Z., & Asadi Zarch, M. A. (2021). Performance Analysis of NAR Model for Short and
Long-Term Drought Forecasting in Arid Regions, Desert Management, 9(2), 103-120. (in Farsi)

ASCE Task Committee on Application of Artificial Neural Networks in Hydrology. (2000). Artificial
Neural Networks in Hydrology. I: Preliminary Concepts, Hydrologic Engineering, 5(2), 124-137.

Biranvand, S., & Sahraeian, K. (2018). Types of Neural Networks and Their Applications, 3rd International
Conference on Management and Humanities Research in Iran, Non-Governmental Organizations and
Centers, Modbar Management Research Institute, 3, University of Tehran. (in Farsi)

Boustani, A., Ulke A., (2020). Investigation of Meteorological Drought Indices for Environmental
Assessment of Yesilirmak Region, Environmental Treatment Techniques, 8(1), 374-381.

Box, G., Jenkins, G. M., & Reinsel, G. C. (1994). Time Series Analysis, Forecasting and Control (3rd
edn). Prentice-Hall. Englewood Cliffs. NJ.

Byzedi, M., Siosemardeh, M., & Asragah, A. (2017). Prediction and Analysis of Meteorological Drought
Based on Time Series (Case Study: Salmas Watershed). Environmental and Water Engineering, 2(4), 346-
359. (in Farsi)

Deo, R. C., & Sahin, M. (2016). An Extreme Learning Machine Model for The Simulation of Monthly
Mean Streamflow Water Level in Eastern Queensland, Environmental Monitoring and Assessment,
188(2).

Deo, R. C., & Sahin, M. (2015). Application of The Extreme Learning Machine Algorithm for the
Prediction of Monthly Effective Drought Index in Eastern Australia, Atmospheric Research, 153, 512-525.

Eivazi, M., Mosaedi, A., & Dehghani, A. A. (2009). Comparison of Different Approaches for Predicting
SPI. Water and Soil Conservation, 16(2), 145-167. (in Farsi)

Fallah Ghalhari, GH., Bayatani, A. F., & Fahiminezhad, E. (2015). Comparing the Forecasting Accuracy
of the Box—Jenkins Models in Modeling Seasonal Precipitation (Case Study: The South of Kerman
Province, Iran). Applied Environmental and Biological Sciences, 5(12) 64-78.

Farajzadeh. M. (2013). Climatic Hazards in Iran. Tehran, SAMT Press. (in Farsi)

Faris, H., Hassonah, M. A., Al-Zoubi, A. M., & Mirjalili, S. (2018). A Multi-Verse Optimizer Approach
for Feature Selection and Optimizing SVM Parameters Based on A Robust System Architecture, Neural
Computing and Applications, 30(8), 2355-2369.

Flood, I., & Kartam, N. (1994). Neural Networks in Civil Engineering I: Principles and Understanding.
Computing in Civil Engineering, 8(2), 131-148.

Fung, K. F., Huang, Y. F., Koo, C. H., & Soh, Y. W. (2020). Drought Forecasting: A Review of Modelling
Approaches 2007-2017, Water and Climate Change, 11(3), 771-799.

Haltiner, G. J., & Williams, R. T. (1989). Numerical Prediction and Dynamic Eteorology, 2nd Eddition.
New York, Wiley & Sons.


https://www.sciencedirect.com/science/article/pii/S0169809514003858#!
https://www.sciencedirect.com/science/article/pii/S0169809514003858#!

Y

e WO Sl (Sohan igh 9 5 bl sladus (i o)l

20.

21.

22.

23.

24,

25.
26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Han, P., Wang, P. X., Zhang, S. Y., & Zhu, D. H. (2010). Drought Forecasting Based on the Remote
Sensing Data Using ARIMA Models. Mathematical and Computer Modelling, 51, 1398-1403.

Hejazizadeh, Z., & Javizadeh, S. (2017). Introduction to Drought and its Indicators. Tehran, Samt Press.
(in Farsi)

Hosseini-Moghari, S. M., & Araghinejad, Sh. (2016). Application of Statistical, Fuzzy and Perceptron
Neural Networks in Drought Forecasting (Case Study: Gonbad-e Kavous Station), Water and Soil, 30(1),
247-259. (in Farsi)

Huang, G., Huang, G. B., Song, S., & You, K. (2015). Trends in Extreme Learning Machines: A Review.
International Neural Network Society, 61, 32—-48.

Hyndman, R. J., & Koehler. A. B. (2006). Another Look at Measures of Forecast Accuracy. Forecasting,
22, 679-688.

Kardavani, P. (2001). Drought and ways to deal with it in Iran. Tehran, University of Tehran (In Farsi).

Kaur, A., & Sandeep, K. S. (2020). Deep Learning Based Drought Assessment and Prediction Framework,
Ecological Informatics, 57(9).

Kaviani, M. R., & Alikhani, B. (2016). Basics of meteorology. Tehran, Samt Press. (in Farsi)

Khalili, K., Hesari, B. (2004). Prediction of Drought Trend Using Time Series Statistical Models (Case
Study of Urmia Synoptic Station). 1th Water Resources Management Conference, Tehran. (in Farsi)

Khorrami, M., A. Bozorgnia. 2007. Analysis of Time Series with MINITAB Software 14. Sokhan Gostar
Publications, 336. (in Farsi)

Khosravi, I., Akhondzadeh, M., & Khoshgoftaar, M. (2015). Modeling and Predicting the Drought Indices
Time Series Using Machine Learning Methods in Order to Managing Hazards (Case Study: Eastern
District of Isfahan), Environmental Management Hazards, 2(1), 51-65. (in Farsi)

Kisi, O., Karahan, M., & Sen, Z. (2006). River Suspended Sediment Modeling Using Fuzzy Logic
Approach. Hydrological Processes, 20(2), 4351-4362.

Malekian, A., Dehbozorgi, M., & Ehsani, A. H. (2015). Evaluation the Efficiency of Using Artificial
Neural Networks in Predicting Meteorological Droughts in North-West of Iran. Researches in
Geographical Sciences, 15(36), 139-156. (in Farsi)

Malekian, A., Dehbozorgi, M., Ehsani, A., & Keshtkar, A. (2014). Application of Artificial Neural
Networks in Simulating and Forecasting of Meteorological Drought Decile Percentage Index (Case Study:
Sistan & Balouchestan Province), Range and Watershed Management, 67(1), 127-139.

Masoumpour Samakosh, J., Jalilian, A., & Yari, E. (2016). The Analysis of Seasonal Precipitation Time
Series in Iran. Physical Geography Research, 49(3), 457-475. (in Farsi)

Meteorological Organization of the Country. (2021). Meteorological of Isfahan Province, 26-149. (in
Farsi)

Mirzaei, A. A., & Sabe, Gh. A. (2011). Water Engineering Specialized Software. Kian Academic
Publication, Tehran, Iran. (in Farsi)

Mishra, A. K., & Desai, V. R. (2006). Drought Forecasting Using Feed-Forward Recursive Neural
Network, Ecological Modelling, 198(1), 127-138.

Mishra, A. K., & Desai, V. R. (2005). Drought Forecasting Using Stochastic Models. Stoch Environ Res
Risk Assess, 19(2), 326-339.



FUU Y0 Oloio VE+ Y kg Jol 5l a3 JUo (bl Co prdo &g puli Yo

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

Moharrampour, M., Mehrabi, A., Hajikandi, H., Sohrabi, S., & Vakili, J. (2013). Comparison of Support
Vector Machines (SVM) and Autoregressive Integrated Moving Average (ARIMA) in Daily Flow
Forecasting. River Engineering, 1(1), 1-8.

Nazari Pouya, H., Khosroshahi, M. (2013). Determining the Most Appropriate Meteorological Drought
Index for Evaluation of Drought in Hamedan Province, Range and Desert Research, 20(4), 625-633. (in
Farsi)

Niromand, H., & Bozorgnia, S. A. (2002). Introduction to Time Series Analysis (Edition 2). Translation.
Ferdowsi University Press, Mashhad, Iran. (in Farsi)

Niromand, H., & Bozorgnia, S. A. (2011). Time Series (Edition 5). Payam Noor University Press, Tehran.
(in Farsi)

Nourani, V., Alami, M. T., & Aminfar, M. H. (2009). A Combined Neural-Wavelet Model for Prediction
of Ligvanchai Watershed Precipitation. Engineering Applications of Artificial Intelligence, 22(2), 466—
472.

Pahlavanravi, A., & Ghasemi, H. (2008). Estimation of Wet and Drought Periods Using Z-Score Index in
Zabol, International Water Crisis Conference, Ministry of Science, Research and Technology, March 20-
22, First Course, Zabol University.

Rahdan, H., Moradi, H. R., & Sharifi, K. M. (2015). Comparison of the Efficiency of Some Meteorological
Indicators to Determine the Drought in Isfahan, 4th National Conference on Health, Environment and
Sustainable Development, Islamic Azad University, Bandar Abbas Branch. (in Farsi)

Rostami, M., Pahlavanravi, A., & Moghaddamnia, A. (2016). Comparison of Artificial Neural Network
Models and Adaptive Neuro-Fuzzy Inference System in Predicting the Drought Mond Basin of Fars
Province. Natural Environmental Hazards, 4(6), 21-32. (in Farsi)

Rumelhart, D. E., & McClelland, J. L. (1986). Parallel Distributed Processing: Exploratins in the
Microstructure of Cognition, V. 1: Foundations. London, The MIT Press.

Saadati, S., Soltani, S., & eslamian, S. (2009). Statistical Analysis of Return Period of Drought Conditions
in Isfahan Province Using the Standardized Precipitation Index, Range and Watershed Management,
62(2), 257-270. (in Farsi)

Sadeghian, M., Karami, H., & Mousavi, S. F. (2018). Selection of a Proper Model to Predict Monthly
Drought in Semnan Using Weather Data and Linear and Nonlinear Models, Water and Soil Science, 21(4).
(in Farsi)

Sanchez-Monedero, J., Salcedo-Sanz, S., Gutiérrez, P., Casanova-Mateo, C., & Hervéas-Martinez, C.
(2014). Simultaneous Modelling of Rainfall Occurrence and Amount Using a Hierarchical Nominal—
Ordinal Support Vector Classifier, Engineering Applications of Artificial Intelligence, 34, 199-207.

Salas, J. D. (1980). Applied Modeling of Hydrologic Time Series: Water Resources Publication.

Shafiee, M., Champion, B., Ansari, H., & Sharifi, M. B. (2011). Stochastic Simulation of Drought Severity
Based on Palmer Index, Water and Irrigation Management, 1(1), 1-13. (in Farsi)

Shcherbakov, M. V., Brebels, A., Shcherbakova, N. L., & Tyukov, A. P. (2013). A Survey of Forecast
Error Measures. World Applied Sciences, 24, 171-176.



"

e WO Sl (Sohan igh 9 5 bl sladus (i o)l

54.

55.

56.

57.

58.

59.

60.

61.

62.

Soh, Y. W., Koo, C. H., Huang, Y. F., & Fung, K. F. (2018). Application of Artificial Intelligence Models
for The Prediction of Standardized Precipitation Evapotranspiration Index (SPEI) at Langat River Basin,
Malaysia, Computers and Electronics in Agriculture, 144, 164-173.

Tarkhaneh. O., & Shen. H. (2019). Training of Feedforward Neural Networks for Data Classification
Using Hybrid Particle Swarm Optimization, Mantegna Levy Flight and Neighborhood Search. Helion, 5,
e01275.

Tokar, A. S., & Markus, M. (2000). Precipitation - Run off Modeling Using Artificial Neural Network and
Conceptual Models. Hydrologic Engineering, 4(3), 156-161.

Torabipodeh, H., Dehghani, R., & Rostami, S. (2019). Estimation Drought in Lorestan Using Intelligent
Networks. Climate Research, 1397(35), 41-52. (in Farsi)

Toufani, P., Mosaedi, A., & Fakheri Fard, A. (2010). Prediction of Precipitation Applying Wavelet
Network Model (Case Study: Zarringol Station, Golestan Province, Iran). Water and Soil (Agricultural
Science and Technology), 5(25), 1217-1226. (in Farsi)

Vidyarthi, V. K., & Jain, A. (2020). Knowledge Extraction from Trained ANN Drought Classification
Model. Hydrology, 585.

Wilhite, D. A., Rosenberg, N. J., & Glantz, M. H. (1986). Improving Federal Response to Drought, Climate
and Applied Meteorology, 25, 332-342.

Yeh, H. F., & Hsu, H. L. (2019). Stochastic Model for Drought Forecasting in the Southern Taiwan Basin,
Water, 11(10), 2041.

Younesi, M., Shahraki, N., Marofi, S., & Nozari, H. (2017). Drought Forecasting Using Artificial Wavelet
Neural Network Integrated Model (WA-ANN) and Time Series Model (ARIMA), Irrigation Sciences and
Engineering, 41(2), 167-181.



