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1- Standardized Precipitation Index (SPI)
2 - Adaptive Neuro Fuzzy Inference System (ANFIS)
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3- Artificial Neural Network (ANN)

4 - Particle Swarm Optimization (PSO)

5 - Ant Colony Optimization (ACO)

6 - Genetic Algorithm (GA)

7 - Butterfly Optimization Algorithm (BOA)
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Table 1- Constant Coefficients of SPI Index Calculation Equations.

d; dy d;

Cy Cy Co

0.001308 0.189269

1.432788 0.010328 0.802853 2.515517
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Table 2- Instructions for Calculating Moving Average, Gamma Function and a and f Coefficients.

The Title of the Commands

Running Commands in the Visual Studio Code Environment

The General Equation

The Limits of Eq

How to Learn Simulation

Logarithm

The Largest Lower Bound

Average

Total

Data Length

The Exponent of the Equation A
Alpha Coefficient Value

The Value of the Beta Coefficient
The Value of the Gamma Coefficient
SPI Standard Value

Viewing the Results of the Equations

def spi(ds, thresh):

#ds - data ; thresh - time interval / scale ds_ma=

ds.rolling(thresh, center=False).mean()

ds_In =np.log(ds_ma)

ds_In[ np.isinf(ds_In) == True] = np.nan

ds_mu = np.nanmean(ds_ma)

ds_sum = np.nansum(ds_In)

n = len(ds_In[thresh-1:])

A =np.log(ds_mu) - (ds_sum/n)

alpha = (1/(4*A))*(1+(1+((4*A)/3))**0.5)

beta = ds_mu/alpha

gamma = st.gamma.cdf(ds_ma, a=alpha, scale=beta)

norm_spi = st.norm.ppf(gamma, loc=0, scale=1) #loc is mean and scale is standard dev.
return ds_ma, ds_In, ds_mu, ds_sum, n, A, alpha, beta, gamma, norm_spi
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8 - Python

9 - Visual Studio Code

10 - Pandas

11 - Numpy

12 - Scipy

13 - Matplotlib

14 - Adaptive Neuro Fuzzy Inference System
15 - Gaussian
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Figure 2- A View of the Anfis Structure (Jang 1991).
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16 - Ant Colony Optimization
17 - ACO Continuous
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Table 3- Input Variables and Network Structure.

Neural Network Structure Input Variables Validation Calibration
Q2 ad) SPIt, SPIt-1 0.79 0.61
G ad) SPIt, SPIt-1, SPIt-2 0.84 0.76
@) SPIt, SPIt-1 , SPIt-2 , SPIt-3 0.89 0.79
S ad) SPIt, SPIt-1, SPIt-2 , SPIt-3 , SPIt-4 0.91 0.80
© o) SPIt, SPIt-1, SPIt-2 , SPIt-3 , SPIt-4 , SPIt-5 0.92 0.805
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Table 4- Features Used by Each Method in SPI Prediction.

Simulation Attributes
The Type of Membership Function in the First to Fourth Layers is Gaussian and in the Fifth Layer it is
ANFIS Linear. Sogno-type State Inference System
Data From the Deductive Clustering Method and the Number of Repetitions: 2000
Selection Pressure (Intensity Factor): 0.5, Distance-Error Rate: 1, Sample Size: 500, Number of
ANFIS-ACOR Replications: 2000
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18 - Coefficient of determination (R2 or R-squared)
19 - Mean Absolute Error (MAE)
20 - Root Mean Square Error (RMSE)
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Table 5- Training and Validation Results in SPI3 Prediction.
Statistical Criteria

Station Simulation Training Validation
MAE R®> RMSE MAE R?> RMSE
Zabol ANFIS 0241 0.877 0397 0.281 0.812 0.541
ANFIS-ACOR  0.298 0.759 0.431 0.272 0.896 0.489
Zahak ANFIS 0.325 0.821 0.422 0.387 0.798 0.401

ANFIS-ACOR  0.386  0.801 0.448 0311 0.857 0.382

SPI3 S 53 gilwand 303l @l —F Joun
Table 6- Simulation Test Results in SPI3 Prediction.

Station Simulation Statistical Criteria
MAE R? RMSE
Zabol ANFIS 0.398 0.682 0.528
ANFIS-ACOR  0.322 0.738 0.467
Zahak ANFIS 0.421 0.721 0.486
ana ANFIS-ACOR  0.368 0.792 0.422

SPI6 S 30 (Zowmwybiel g g0l gbs -V Jguo
Table 7- Training and Validation Results in SPI6 Prediction.
Statistical Criteria

Station Simulation .. ..
Training Training
MAE R* RMSE MAE R?> RMSE
Zabol ANFIS 0.288 0.821 0375 0412 0.735 0411
ANFIS-ACOR 0.267 0.850 0.362 0.367 0.784 0.315
Zahak ANFIS 0.294 0.831 0421 0313 0.698 0457

ANFIS-ACOR  0.291 0.874 0.401 0301 0.752  0.367

SPI6 S 50 5 ilwancd (903 li -A Jguo
Table 8- Simulation Test Results in SP16 Prediction.

Statistical Criteria

Station Simulation
MAE R? RMSE
Zabol ANFIS 0.401 0.810 0.472
ANFIS-ACOR 0.387 0.854 0.421
Zahak ANFIS 0.385 0.794 0.531
ANFIS-ACOR 0.354 0.804 0.498

SPI9 (S sy 30 (il g (3901 @l -4 Jourr
Table 9- Training and Validation Results in SPI9 Prediction.
Statistical Criteria

Station Simulation .. ..
Training Training
MAE R> RMSE MAE R?> RMSE
Zabol ANFIS 0.271 0.785 0367 0.347 0.657 0.422
ANFIS-ACOR 0.257 0.812 0.302 0.321 0.728 0.409
Zahak ANFIS 0.238 0.848 0382 0.289 0.791 0.421

ANFIS-ACOR  0.248 0.821  0.399 0.302 0.590 0.474
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Table 10- Simulation Test Results in SPI9 Prediction.

Station Simulation Statistical Criteria
MAE R®> RMSE
Zabol ANFIS 0.374 0.741  0.489
ANFIS-ACOR  0.304 0.801 0.425
Zahak ANFIS 0.397 0.698 0.467
ANFIS-ACOR 0311 0.759 0411

SPI2 Sy 50 (T yliel 3 g0l s -1) Jguzr
Table 11- Training and Validation Results in SPI12 Prediction.

Statistical Criteria

Station Simulation .. ..
Training Training
MAE R?> RMSE MAE R? RMSE
Zabol ANFIS 0.234 0.890 0.321 0.330 0.837 0.385
Ol ANFIS-ACOR 0247 0.878 0369 0211 0.849 0.301
Zahak ANFIS 0.278 0.921 0312 0.226 0.878 0.324
ANFIS-ACOR 0324 0.883 0.328 0.308 0.826 0.374
SPI2 Sy 50 §3lwamd (y905] gl VY Jgua
Table 12- Simulation Test Results in SPI12 Prediction.
Station Simulation Statistical Criteria
MAE R? RMSE
Zabol ANFIS 0.357 0.874 0.459
ANFIS-ACOR 0.294 0.898 0.397
Zahak ANFIS 0.366 0.815 0.421
ANFIS-ACOR 0.301 0.887 0.384
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Correlation of 3-Month Drought Index of Zabol in ANFIS and ANFIS-ACOR Models
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Correlation of 9-Month Drought Index of Zabol in ANFIS and ANFIS-ACOR Models
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Figure 3- The Graph of the Observed SPI Values and the Calculated Values of ANFIS-ACOR and ANFIS Simulation at
Zabol Station.
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Correlation of 3-Month Drought Index of Zahak in ANFIS and ANFIS-ACOR Models

o

Legend

e ObservEd

"

e ANFIS traininig
ANFIS validation

b °
SPI Index

— ANIS test

——— ANFIS-ACOR traning |
w— ANFIS-ACOR validation -4

e ANFIS-ACOR test

Legend

e Observed
= ANFIS training

ANFIS validation
— ANFIS test

" o
SPIIndex

e ANFIS-ACOR training
= ANFIS-ACOR validation

e ANFIS-ACOR test

Legend

——Observed

e ANFIS training
ANFIS validation

— ANFIS fest

SPI Index

e ANFIS-ACOR training
— ANFIS-ACOR validation Q@
e ANFIS-ACOR test

Legend

©

—Observed
= ANFIS training
ANFIS validation

°
SPI Index

— ANFIS test

e ANFIS-ACOR training

= ANFIS-ACOR validation

e ANFIS-ACOR test

S ol 53 ANFIS 9 ANFIS-ACOR (¢ jlusduis g0 dunolono (gboojIail g SPT sucis ousline glao 3l jloges —F JSis

Figure 4- The Graph of the Observed SPI Values and the Calculated Values of ANFIS-ACOR and ANFIS Simulation at
Zahak Station.
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Table 13- Average Values of Coefficient of Determination of ANFIS and ANFIS-ACOR Simulations.

The Average
Values of the
Coefficient of

Row Simulation Station SPI Zabol Test Zahak Test o
Determination in
the Simulation
Test
| Zabol 3 0.682 -
Zahak - 0.721
Zabol 0.810 -
2 6
Zahak - 0.794
ANFIS 0.766
Zabol 0.741 -
3 9
Zahak - 0.698
Zabol 0.874 -
4 12
Zahak - 0.815
ANFIS Average 0.776 0.757
Zabol 0.738 -
5 3
Zahak - 0.792
Zabol 0.854 -
6 6
Zahak - 0.804
ANFIS-ACOR 0.816
Zabol 0.801 -
7 9
Zahak - 0.759
Zabol 0.898 -
8 12
Zahak - 0.887
ACOR-ANFIS Average 0.822 0.810
Total Average of Both Stations 0.816 0.783 -
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Introduction and Objective

The use of simulations combined with the drought index enhances forecast accuracy. The
exploratory approach provides the scope for drought warning and the opportunity for financial
support and insurance mechanisms for local communities. The most important part related to the
reduction of the effects of drought is the improvement of the precision of forecasting systems.
Materials and Methods

In this research, the precision of the new Anfis Simulation combined with the meta-heuristics
of ant colonies in drought prediction is compared to the normal ANFIS Simulation. Simulation
performance is estimated using the Mean Squared Error, Mean Absolute Error and Coefficient of
Determination.

Results and Discussion

Validation of the simulation in the three month profile shows that the Absolute Error Value and
the Root Mean Square Error in the Zabol Station are lower by Anfis Simulation. This article
examines the Compatible Adaptive Neuro Fuzzy Inference System (ANFIS) and ANFIS models with
Ant Colony Optimization Algorithm (ANFIS-ACOR) for drought forecasting. Drought forecasting
was done using monthly precipitation data from synoptic stations Zabol (1983-2020) and Zahak
(1994-2020). The results showed (ANFIS-ACOR) improved the performance of the Adaptive
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Neuro Fuzzy Inference System. The model predictive correlation test (ANFIS-ACOR) values in the
3, 6, 9 and 12-month intervals are equal to 0.738, 0.854, 0.801 and 0.898 at the Zabol Station. As
well 0.792, 0.804, 0.759 and 0.887 at Zahak Station, respectively. In addition, Anfis Simulation - ant
colony has a higher coefficient of determination. Validation of the simulation related to the three-month
profile of Anfis-ant Colony Simulation showed that the absolute error and the Root Mean Square Error
are lower and the coefficient of determination is higher. In the Zahak Station, the Anfis Simulation is
more accurate in the 3-month formation, but in the validation section, the Anfis-ant Colony Simulation is
superior. Overall, in the three-month SPI profile, Aanfis Simulation training is more accurate, but Anfis
Colony Simulation is superior in validation.

Conclusion and Suggestions

Ant colony optimization as a function of the data population progressively brings the proposed solutions
closer to the overall optimal solution. This problem increased the efficiency of the numerical calculation
of the ant colony compared with the Anfis in predicting drought. Anfis Simulation in combination with
ant colony provides efficiency for large-scale problems in a short time by auto-tuning. These features
reduce the cost of calculating natural data with irregular geometric pattern or data recorded in high volume.
Simulations which optimize will fail at the local optimum level. Anfis-Ant Colony Simulation evaluates
simulation space for predicting droughts on a global scale. This research proposes to compare the Anfis
Simulation with other numerical calculations and to choose the best simulation for the Zabol Watershed.
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