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Cases < Test Value 17 19 21 21 22 29 0 0 29 26 19 22
Cases >= Test Value 13 11 9 9 8 1 30 30 1 4 11 8
Total Cases 30 30 30 30 30 30 30 30 30 30 30 30
Number of Runs 13 17 10 12 10 3 1c 1c 3 5 16 10
Z -0.846 0.628 -1.381 -0.490 -1.072 0.000 0.000 -2.043 0.227 -1.072
Asymp. Sig. (2- 0.398 0.530 0.167 0.624 0.284 1.000 1.000 0.041 0.820 0.284
tailed)
a. Mean

b. All values are greater than or less than the cutoff. Runs Test cannot be performed.

¢. Only one run occurs. Runs Test cannot be performed.

Asymp. L 5051 6,10 come o 1) ol oo (Ko 2oy ) ()b sae s 5o bl oS! (sla ools

Sl oKl jo cus oy eyl @ls Y-F Jgaz 0 iaibce 14V 5l 5 S5 ele 2 40 Sig. (2-tailed)
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Sl e el VYole  Yolo Yoo Yole  Bole  Fole  Vole  Aoke  %ole Vool Vlole VYol

Test Valuea 16.4967 12.4027 13.9223 8.6270 3.6700 1.2473 0.9587 0.1600 0.1030 3.9770 3.8917 12.9183
Cases < Test Value 20 20 19 19 21 26 27 28 26 24 20 20
Cases >= Test 10 10 11 11 9 4 3 2 4 6 10 10
Value
Total Cases 30 30 30 30 30 30 30 30 30 30 30 30
Number of Runs 17 16 18 10 17 7 7 5 7 13 17 15
Z 0.910 0.490 1.030 -1.778 1292 -0.364 0.110 0.000 -0.364 1.126 0.910 0.070
Asymp. Sig. (2- 0.363 0.624 0.303 0.075 0.196 0.716 0.912 1.000 0.716 0.260 0.363 0.944
tailed)
a. Mean

Asymp. L 9051 )10 (sixe zdaw L5 ail oo N2 00,0 O ()1 dime mhaws 5o laaly o] sl oolo

Aibse /00 3 5 Sy ole 0,0 Sig. (2-tailed)
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Kendall's tau_b Correlation Coefficient Sig. (2-tailed)
-0.005 0.906

Slaaly o] o JlaiS3b g0l F-F Jgas

Kendall's tau_b Correlation Coefficient Sig. (2-tailed)
0.021 0.578
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aslel wlie o olowly g bl ol ;0 SPIA-F Joum

LG Jad g9 il 0By olaal; o
1991 RCIN 1.935244369 2.141713872
1991 e 1.798592228 1.749701883
1991 obasls -0.548522283 -0.967421566
1991 by -0.29094264 -0.151572291
1992 ol 1.220904156 0.558290052
1992 ™ 1.629901346 0.997281192
1992 obasls -0.548522283 -0.967421566
1992 b -0.548522283 1.103194504
1993 Obias) 1.93162546 0.962636609
1993 ™ 0.769568548 -0.087148009
1993 oty -0.548522283 -0.253444226
1993 b -0.548522283 -0.967421566
1994 Obans 1.672041264 0.977591268
1994 ™ 1.988759072 1.021507922
1994 bty -0.548522283 -0.967421566
1994 by 0.190492819 0.281188912
1995 Obans 0.886723342 0.636068188
1995 ™ 1.328294196 1.045324922
1995 ol -0.548522283 0.723999992
1995 b -0.548522283 -0.742704055
1196 Obias) 2.02539956 2.66023859
1196 ™ 1.821736693 1.678242502
1196 bty -0.548522283 -0.3927652
1196 b -0.25589781 -0.3927652
1997 LIy 0.727210597 0.714891709
1997 e 1.614904671 1.229384865
1997 bty -0.548522283 -0.177610376
1997 b 0.744381152 1.414753541
1998 Obans; 2.064801356 1.248074315
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i s Jad g9 il o Bliua| olaal; ol
1998 e 0.110805217 0.208018222
1998 obasls -0.548522283 -0.841926999
1998 b -0.548522283 -0.967421566
1999 obins 2.03747018 1.171937581
1999 e 0.631351205 0.012112501
1999 obasls -0.548522283 -0.329888199
1999 b 0.709718377 -0.00796312
2000 obans; 0.930131493 0.771435506
2000 e 0.234764586 0.365866461
2000 ot -0.548522283 -0.967421566
2000 b 0.152221974 -0.706745321
2001 Ol 0.142189457 0.044346629
2001 e 0.336109379 -0.00120639
2001 obiwsls -0.548522283 -0.967421566
2001 el -0.548522283 -0.967421566
2002 Ol 1.101108589 0.267048342
2002 e 0.371064121 -0.263701402
2002 ol -0.548522283 -0.967421566
2002 b 0.410712734 0.831021393
2003 Obias) 1.336028072 0.687133871
2003 e -0.075404616 0.00548494
2003 obasls -0.548522283 -0.274160277
2003 el 0.243210142 -0.967421566
2004 s 0.740117771 0.511690203
2004 e -0.075404616 -0.621510584
2004 oliwsls -0.548522283 -0.967421566
2004 b -0.548522283 -0.967421566
2005 RIS 2.463268248 2.221159327
2005 e 2.154539955 1.210470834
2005 obasls -0.548522283 -0.516766388
2005 b 0.040898931 -0.967421566
2006 obias) 0.757057658 0.523717985
2006 e 0.089807919 -0.182064407
2006 obasls -0.548522283 -0.967421566
2006 b 0.377836574 -0.138967327
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2007 obans; 1.36454262 1.133741552
2007 e 0.430333637 1.116748688
2007 obiasls 0.042158983 0.815128426
2007 b -0.493813005 -0.093299305
2008 RCIN 0.680105952 1.507464221
2008 e -0.109446334 -0.687452453
2008 ot -0.548522283 -0.967421566
2008 b -0.493813005 -0.51315459
2009 obans; 0.968810297 1.473670885
2009 e 1.104168195 1.017177915
2009 ot -0.548522283 -0.967421566
2009 el -0.493813005 -0.967421566
2010 Obias) 0.932257063 1.760280856
2010 e 0.261362365 0.345210437
2010 obasls -0.548522283 -0.967421566
2010 el -0.473156215 -0.38608376
2011 obans; 1.12447657 1.664773765
2011 e 0.540248778 1.277325795
2011 obasls -0.548522283 -0.915633464
2011 b -0.109446334 -0.139799527
2012 Obias) 1.131672214 0.571185069
2012 e 0.33897651 0.749137259
2012 oliwsls -0.493813005 -0.828979149
2012 el 0.583238729 -0.614210823
2013 Obias) 0.413915022 0.84315411
2013 e 0.344672455 0.948276044
2013 obasls -0.548522283 -0.141467361
2013 b 0.830614299 0.006815502
2014 obias) 1.258628748 0.947515992
2014 e 0.953290964 0.971380005
2014 obasls -0.548522283 -0.902533799
2014 b 0.153214303 -0.724042272
2015 Obins) 1.108134475 0.933761241
2015 e 1.278582398 0.917015058
2015 obasls -0.548522283 -0.700151664

[~



i s Jad g9 il o Bliua| olaal; ol
2015 b 0.577088512 1.234806776
2016 RCIN 0.818463887 0.973370672
2016 e 1.313484161 0.817931266
2016 obasls -0.548522283 -0.915633464
2016 b -0.39121419 -0.932294445
2017 obis 0.856010892 1.154057249
2017 e 0.308951094 0.512789446
2017 ot -0.548522283 -0.932294445
2017 b -0.548522283 -0.932294445
2018 Obane; -0.05551638 0.164038924
2018 e 0.612829501 0.089559554
2018 obasls -0.548522283 -0.932294445
2018 el -0.39121419 -0.706745321
2019 Obias) 0.545081588 0.26894714
2019 Sleo 1.508498727 1.677757301
2019 obasls -0.548522283 -0.967421566
2019 b 0.740117771 0.270841775
2020 Obias) 1.636500862 2.048671023
2020 e 1.299574075 0.887918831
2020 obasls -0.548522283 -0.967421566
2020 el 0.35031833 0.470925773
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1991 1.424067109 1.719408956
1992 0.648860854 0.430491751
1993 0.690343518 -0.744225779
1994 1.420778661 0.212966168
1995 0.063982883 0.237220633
1996 1.527412366 2.163530512
1997 0.59540936 1.00215322
1998 0.62005766 -0.33300462
1999 0.993590264 -0.291856878
2000 -0.744821834 -0.799606411
2001 -1.811754349 -1.986640659
2002 -0.333625806 -0.715571127
2003 -0.277752118 -1.051661342
2004 -1.328649412 -1.700163124
2005 2.216768151 1.379675808
2006 -0.896984395 -1.293054322
2007 -0.127593637 0.773428776
2008 -1.439128064 -0.200173396
2009 -0.106464519 0.447727285
2010 -0.867662376 0.405261582
2011 -0.395346472 0.911243528
2012 -0.210577366 -0.639429626
2013 -0.652670418 0.02946228
2014 0.127387398 -0.096625314
2015 0.43090367 0.711321058
2016 -0.002077253 -0.219523817
2017 -0.942863965 -0.26579145
2018 -1.518144217 -1.729186863
2019 0.390865713 0.446988375
2020 0.831442929 1.213084696
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b \Y o ¥ whio jo PACF fdxi gl -#-F

SPI3 sl by o&iws! ;o PACF L= VF-Y g

Lag Partial Autocorrelation  Std.Error

1 0.043 0.091
2 -0.626 0.091
3 0.127 0.091
4 0.382 0.091
5 -0.099 0.091
6 -0.203 0.091
7 0.152 0.091
8 0.168 0.091
9 0.037 0.091
10 -0.083 0.091
11 -0.177 0.091
12 0.196 0.091
13 -0.114 0.091
14 -0.023 0.091
15 0.062 0.091
16 -0.054 0.091
SPI3

W Coefficient
= Upper Confidence Limit
== Lower Confidence Limit
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SPI12 4l bl oK ;o PACF Ll VO-F Jgux

Lag Partial Autocorrelation  Std.Error

1 0.122 0.183
2 0.188 0.183
3 0.045 0.183
4 -0.043 0.183
5 0.018 0.183
6 0.139 0.183
7 0.024 0.183
8 -0.095 0.183
9 0.053 0.183
10 -0.104 0.183
11 0.011 0.183
12 -0.182 0.183
13 -0.154 0.183
14 0.097 0.183
15 0.001 0.183
16 -0.049 0.183
SPI2
W Coefficient

= Upper Confidence Limit
=== Lower Confidence Limit
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SPI3 sl olaal; olKiwyl ;o PACF Julos VF-F Jgus

Lag Partial Autocorrelation  Std.Error

1 0.075 0.091
2 -0.473 0.091
3 0.119 0.091 B
4 0.285 0.091
5 -0.079 0.091
6 -0.270 0.091
7 0.152 0.091
8 0.285 0.091
9 0.046 0.091
10 -0.074 0.091
11 -0.110 0.091
12 0.129 0.091
13 -0.107 0.091
14 -0.070 0.091
15 -0.007 0.091
16 0.070 0.091
SPI3

W Coefficient
== Upper Confidence Limit
= Lower Confidence Limit
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Partial ACF

-0.5

172 3 4 5 6 7 8 9 10 11 12 13 14 15 18
Lag Number

SPI3 ¢l )y oyl oKyl ;o PACF Lo Jlogei VY-F S5
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SPI12 clys olanl; oSl o PACF Jlos VV-F o

Lag Partial Autocorrelation  Std.Error

1 0.106 0.183
2 0.112 0.183
3 -0.074 0.183
4 -0.062 0.183
5 0.035 0.183
6 0.019 0.183
7 -0.378 0.183
8 -0.046 0.183
9 0.036 0.183
10 -0.207 0.183
11 -0.067 0.183
12 0.004 0.183
13 -0.062 0.183
14 0.003 0.183
15 0.052 0.183
16 -0.118 0.183

SPI2

W Coefficient
= Upper Confidence Limit
=== Lower Confidence Limit
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Abstract

Drought intensifies the water crisis and causes irreparable damage to communities. In recent years,
machine learning methods have been considered by researchers for drought assessment. The goal
of this study is drought assessment in Zabol and Zahedan cities during (1990-2020). In this regard,
standardized precipitation index (SPI) at seasonal and annual time scales, partial autocorrelation
analysis (PACF), and random forest algorithm (RF) were employed. After SPI calculation, the
results of PACF analysis for SPI are used as inputs of the model. Training and testing data were
verified with two different inputs. According to the results on a seasonal and annual scale of SPI,
the normal drought category (N) has almost the highest frequency in both stations and drought
intensity in Zahedan station was higher on seasonal and annual scale than Zabol station and the
peak of annual drought in both stations occurred in 2001. Also, the peak of drought in both stations
on seasonal scale occurred in seasons without rainfall. According to the PACF analysis, the study
areas have undergone climate change over 30 years. The results of the model were evaluated by
several statistical parameters. The index of agreement (I0A) of Zabol station for training data by
considering four time-lags (2, 4, 6, and 12 months) and three time-lags (2, 4, and 6 months) as
input, were 0.9648 and 0.9256, respectively and for testing data was approximately 0.8556 and
0.8673, respectively. IOA at Zahedan station for training data with four time-lags (2, 4, 6, and 8
months) and three time-lags (2, 4, and 6 months) were 0.9495 and 0.9205, respectively, and for
testing data were 0.7408 and 0.6303, respectively. Other statistical parameters also indicate the

permissible accuracy of the RF model in SPI estimation.

Keywords: Drought, Standardized precipitation index, Random forest algorithm, Partial

autocorrelation analysis
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