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o sl i Sig. (2-tailed) JUETH St g o> Sig. (2-tailed)
SPI(t-1) 3547 .000 NINO 3.4(t) 091" 043
SPI(t-2) 1327 .003 NINO 3.4(t-1) 196" .000
SPI(t-3) -.050 268 NINO 3.4(t-2) 296" .000
R(t) .188™ .000 NINO 3.4(t-3) 338" .000
R(t-1) =252 .000 NINO 3.4(t-4) 269 .000
R(t-2) 187" .000 NINO 3.4(t-5) 1177 010
R(t-3) -.001 977 NINO 3.4(t-6) -.034 448
AMO(t) 041 365 NINO 3(t) -.124™ .006
AMO(t-1) 054 231 NINO 3(t-1) 040 377
AMO(t-2) 036 431 NINO 3(t-2) 2417 .000
AMO(t-3) -014 751 NINO 3(t-3) 4017 .000
MEI(t) 1337 .003 NINO 3(t-4) 4417 .000
MEI(t-1) .140™ .002 NINO 3(t-5) 3527 .000
MEI(t-2) 1477 .001 NINO 3(t-6) 1737 .000
MEI(t-3) 134 .003 SOI(t) -153™ .001
NAO(t) 074 102 SOI(t-1) -126™ .005
NAO(t-1) .103" 023 SOI(t-2) -.084 064
NAO(t-2) 032 481 SOI(t-3) -.106" 019
NAO(t-3) -.009 847 SWMRR(t) 357" .000
NINO 142(t) -339" .000 SWMRR(t-1) 244™ .000
NINO 142(t-1) -.199™ .000 SWMRR(t-2) -.049 276
NINO 1+2(t-2) .006 896 SWMRR(t-3) 182" .000
NINO 1+2(t-3) 233" .000 TSA(t) -072 112
NINO 1+2(t-4) 4257 .000 TSA(t-1) -051 264
NINO 142(t-5) 4977 .000 TSA(t-2) -031 494
NINO 142(t-6) 427 .000 TSA(t-3) -032 480

0 o o e gme® /o) o o ls s,
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Change Statistics

Model R R Adjusted Std. Error of
Square R Square the Estimate R Square F dft an Sig. F
Change Change Change

1 4977 247 245 8135586 247 158.749 1 484 .000
2 756° 571 570 6144064 324 365.617 1 483 .000
3 .824°¢ .679 677 5321592 .108 161.836 1 482 .000
4 .862¢ 744 741 4762560 .064 120.796 1 481 .000
5 .879¢ 173 771 4482024 .030 63.097 1 480 .000
6 882° 778 776 4437097 .005 10.770 1 479 .001
7 .885¢ 783 780 4394840 .005 10.255 1 478 .001
8 .887}" 786 783 4364672 .003 7.631 1 477 .006
9 .889' .790 7186 4329329 .004 8.820 1 476 .003
10 890/ 793 788 14308453 .002 5.624 1 475 .018
11 892k 795 791 4285530 .003 6.095 1 474 .014
12 893! 798 7193 4264316 .002 5.728 1 473 .017

a. Predictors: (Constant), NINO 1+2(t-5)

b. Predictors: (Constant), NINO 1+2(t-5), R(t)

c. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t)

d. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t), NINO 3(t-6)

e. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t), NINO 3(t-6), MEI(t)

f. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t), NINO 3(t-6), MEI(t), NINO 3(t-4)

g. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t), NINO 3(t-6), MEI(t), NINO 3(t-4), TSA(t)

h. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t), NINO 3(t-6), MEI(t), NINO 3(t-4), TSA(t), AMO(t-2)

i. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t), NINO 3(t-6), MEI(t), NINO 3(t-4), TSA(t), AMO(t-2), NINO 3.4(t-6)

j. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t), NINO 3(t-6), MEI(t), NINO 3(t-4), TSA(t), AMO(t-2), NINO 3.4(t-6), SPI(t-2)

k. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t), NINO 3(t-6), MEI(t), NINO 3(t-4), TSA(t), AMO(t-2), NINO 3.4(t-6), SPI(t-2), NINO 1+2(t-4)
1. Predictors: (Constant), NINO 1+2(t-5), R(t), NINO 1+2(t), NINO 3(t-6), MEI(t), NINO 3(t-4), TSA(t), AMO(t-2), NINO 3.4(t-6), SPI(t-2), NINO 1+2(t-4), NINO 1+2(t-6)
p. Dependent Variable: SPI(t)
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Abstract

Drought forecasting is an important tool for managers for exploitation of the limited resources of
soil and water. Recently, Southern Khorasan has become one of the main centers in the country
which suffers from severe drought. This study was aimed to assess the capability of CANFIS for
drought forecasting of Birjand area through the combination of global climatic signals with rainfall
and previous values of Standardized Precipitation Index (SPI). SPI was used to define and monitor
the drought event in monthly time scale. In this study, nine global climatic indices were selected for
drought simulation. Using stepwise regression and correlation analyses, the signals NINO 1+2,
NINO 3, MEI, TSA, AMO and NINO 3.4 were recognized as the effective signals on the drought
event in Birjand. In this work, for modeling, 41 years of climatic data records (1970-2010) were
collected in which 60%, 15%, and 25% of them were extracted to be used in training, cross
validation and testing processes, respectively. The momentum algorithm with Gaussian fuzzy
membership function was utilized in network training process. Based on the results from stepwise
regression analysis, 12 models were extracted for further processing by CANFIS. However, due to
the limitation of CANFIS in the execution of training process with the inputs higher than 5, only 8
models were analyzed using CANFIS. Sensitivity analysis showed that for all models, NINO
indices and rainfall variable had the largest impact on network performance. In model No. 4, as the
model with the lowest error during training and testing processes, NINO 1+2(t-5) with an average
sensitivity of 0.7 showed the highest impact on network performance. After that, the variables
rainfall, NINO 1+2(t) and NINO 3(t-6) with the average sensitivity of 0.59, 0.28 and 0.28,
respectively could have the highest effect on network performance. According to network
performance metrics, it was established that the global indices with a time lag represented a better
correlation with ENSO. Finally, the fourth model with a combination of the input variables NINO
1+2 (with 5 months of lag and without any lag), monthly rainfall and NINO 3 (with 6 months of
lag) showed a correlation coefficient of 0.903 (between observed and simulated SPI) and was
selected as the most accurate model for drought forecasting using CANFIS in the climatic region of
Birjand.
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