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Abstract: Forecasting meteorological and hydrological drought using standardized metrics of rainfall
and runoff (SPI/SRI) is critical for the long-term planning and management of water resources at
the global and regional levels. In this study, various machine learning (ML) techniques including
four methods (i.e., ANN, ANFIS, SVM, and DT) were utilized to construct hydrological drought
forecasting models in the Wadi Ouahrane basin in the northern part of Algeria. The performance of
ML models was assessed using evaluation criteria, including RMSE, MAE, NSE, and R2. The results
showed that all the ML models accurately predicted hydrological drought, while the SVM model
outperformed the other ML models, with the average RMSE = 0.28, MAE = 0.19, NSE = 0.86, and
R? = 0.90. The coefficient of determination of SVM was 0.95 for predicting SRI at the 12-months
timescale; as the timescale moves from higher to lower (12 months to 3 months), R? starts decreasing.

Keywords: drought modeling; machine learning; support vector machine; Algeria

1. Introduction

Drought is a climatic calamity that has far-reaching consequences for human society,
ecosystems, agriculture, and water resources [1-3]. Extreme drought phenomena are
anticipated to become more frequent and intense across the world [4]. Droughts have
become more intense, frequent, and widespread in recent decades due to human influences
on atmospheric dynamics [5]. Drought may result in desertification, water shortages, forest
fires, and crop losses, among other consequences. Drought is classified into four categories
based on the nature of the deficiency: hydrological, meteorological, socioeconomic, and
agricultural [6]. Because of its catastrophic repercussions for groundwater and surface water
resources, hydrological drought attracts the most attention from governments, stakeholders,
scholars, and the general public. Long-term droughts have become common phenomena
in Algeria in the last few decades [7]. Long periods of below-average rainfall in a semi-
arid region have wreaked havoc on Algerian agriculture [8]. As a result, hydrological
drought forecasting, monitoring, and mitigation are critical for successful water resource
preservation and economic sustainability.

Hydrological and meteorological drought could be monitored using a variety of
drought indices, including the standardized precipitation index (SPI), standardized precipi-
tation evapotranspiration index (SPEI), standardized hydrological drought index (SHDI),
standardized runoff index (SRI), surface water supply index (SWSI), soil moisture drought
index (SMDI), and Palmer drought severity index (PDSI) [9]. All of these drought indices
were developed with the goal of forecasting, quantifying, and monitoring drought at any
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hydrometeorological station over multiple periods [10]. Because of their ease of use and
versatility in assessing drought over a wide range of timeframes, with strong comparability
in time and place and minimum data requirements, these standardized drought indices
have been widely utilized [11,12]. Even though drought forecasting is a difficult issue
owing to its uncertainty and high complexity [13], drought forecasting research is critical in
providing relevant information for reducing the risks associated with drought occurrence.

Establishing long-term solutions to manage water shortages in the face of global
warming and properly forecasting drought occurrences is critical [14,15]. In hydrological
applications, two types of drought forecasting models are commonly used; physical-based
models and data-driven models. Understanding the physical processes of a system under-
pins physical process-based models, whereas the most meaningful relationship between
input and output data is established by data-driven models [16]. Because of the difficulties
in obtaining parameter estimates, data-driven models have become more popular and
developed than physical-based models. With computational intelligence methods, data-
driven modeling that requires few inputs and develops rapidly is getting more powerful
and versatile for forecasting meteorological time series prediction [17]. Because data-
driven models offer a lot of potential for drought forecasting, they were utilized in this
research study.

The most often used data-driven models in the domain of drought forecasting are
machine learning (ML) models, which are a subset of artificial intelligence [18,19]. These
models are effective for anticipating the onset of droughts with different frequencies,
durations, and intensities that are not properly represented by empirical relationships. The
models include support vector regression (SVR), artificial neural networks (ANN), and
extreme learning machines (ELM). Dikshit et al. [20] undertook a study to forecast drought
events in New South Wales, Australia. The SPEI was considered because it calculated
both temperature and rainfall factors and had previously been shown to be more accurate
in predicting droughts. Using a climate research unit dataset, the drought index was
constructed at several periods (1, 3, 6, and 12 months). The study examined 13 factors
to forecast the temporal aspect of the drought index, eight of which were sea surface
temperature and climatic indicators, while the rest were diverse meteorological variables.
ANN and SVR forecasting models were trained using the data between 1901 and 2010 and
then evaluated for eight years (2011-2018). The models were tested using three distinct
performance metrics; coefficient of determination (R?), mean absolute error (MAE), and
root-mean-square error (RMSE). The results showed that ANN (R% = 0.86) outperformed
SVR (R? = 0.75) in forecasting temporal drought patterns. It was also revealed that the
climatic indicator (Pacific decadal oscillation) and sea surface temperatures have minimal
impact on temporal droughts.

The majority of artificial intelligence models are highly accurate, but they are complex
and need computational resources to train. On the other hand, decision trees (DT), extreme
gradient boosting (XGB), gradient boosting (GB), and random forests (RF) are becoming
more popular since they are deemed more powerful, simpler, and more resilient prediction
algorithms [21-23]. Zhang et al. [24] used meteorological measurements, drought indices,
and climatic signals from 32 stations in Shaanxi Province, China, to develop a novel
drought forecasting model. In order to choose the best predictors and determine their lag
duration, cross-correlation function and distributed lag nonlinear model (DLNM) methods
were utilized and compared. The performance of the DLNM, ANN, and XGB models
was validated to forecast the SPEI for the next 1-6 months. With R? values of 0.68-0.82,
0.72-0.89, 0.81-0.92, and 0.84-0.95 for 3, 6, 9, and 12 months, the XGB model outperformed
the DLNM and the ANN models with the lead time of 1-6 months. Furthermore, the XGB
model exhibited the greatest forecast accuracy for overall droughts as well as for moderate,
severe, and extreme droughts. Li et al. [25] used the antecedent SST fluctuation pattern
(ASFP) and ML techniques (e.g., SVR, ELM, and RF) to develop a new meteorological
drought prediction strategy. Four river basins that experience regular droughts on various
continents were used as case studies, with 1- and 3-month-long lead periods for forecasting
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SPEL The results revealed that the ASFP-ELM model outperformed the other two models
in predicting the space-time evolution of drought occurrences.

Some other research studies addressed the application of hybrid ML models that are
trained using optimization algorithms for drought prediction. Mohamadi et al. [26] em-
ployed the support vector machine (SVM), radial basis function neural network (RBFNN),
adaptive neuro-fuzzy inference system (ANFIS), and multilayer perceptron (MLP) models
to anticipate climatic droughts in Iran using data from 1980 to 2014. The models were
trained using a nomadic people algorithm (NPA), and this algorithm was compared to the
bat, salp swarm, and krill algorithms. Soft computing models” accuracy and convergence
speed were improved using these evolutionary approaches. The 3-month standardized
precipitation index was forecast using hybrid ML models. The Nash-Sutcliffe efficiency
(NSE) for the ANFIS, MLP, RBFNN, and SVM models coupled with the NPA algorithm
was 0.93, 0.86, 0.85, and 0.83, respectively. The findings also showed that the hybrid models
outperformed the standalone models. Nabipour et al. [27] predicted short-term hydrologi-
cal droughts using a combination of ANN models trained using optimization algorithms.
The algorithms included the grasshopper optimization algorithm (GOA), salp swarm algo-
rithm (SSA), particle swarm optimization (PSO), and biogeography-based optimization
(BBO). SHDI and SPI were calculated in aggregated months of one, three, and six. Then,
using cross-correlation analysis, SHDI forecasting was carried out using three states and
36 input-output combinations. The results of the hybrid models were compared to those
of the conventional ANN model. The hybrid ANN model coupled with the PSO algorithm
outperformed the traditional ANN. The best models yielded R? = 0.68 and RMSE = 0.58 for
SHDI1, R? = 0.81 and RMSE = 0.45 for SHDI3, and R? = 0.82 and RMSE = 0.40 for SHDI6.

Deep learning models, subsets of ML models, are now commonly utilized for high
accuracy in a variety of study domains. Convolutional neural network (CNN) and long
short-term memory (LSTM) models are proven to be better suited for time series predictions.
However, there is a scarcity of drought monitoring data utilizing deep learning [28]. For in-
stance, Adikari et al. [29] compared three widely used artificial intelligence-based flood and
drought forecasting models. In this research, fluvial floods and meteorological droughts
were quantified using the change in river discharge and SPI, respectively. Five statistical
performance criteria and indicators were used to compare the performance of the LSTM,
CNN, and wavelet decomposition functions coupled with ANFIS (WANFIS) in arid and
tropical climatic regions. The results revealed that independent of the environment of the re-
gion under investigation, the CNN and the WANFIS models exhibited the best performance
in flood and meteorological drought forecasting, respectively. Mokhtar et al. [30] presented
a combination of ML techniques for drought analysis in the Tibetan Plateau, China, during
1980-2019. Three-months (SPEI-3) and six-months (SPEI-6) aggregation timelines were
investigated. To estimate SPEIs, four ML models were developed: RF, XGB, CNN, and
LSTM. The models were built using seven scenarios with varying combinations of climatic
variables (i.e., precipitation, temperature (average, maximum, and minimum), wind speed,
relative humidity, sunshine hours, and solar radiation) as inputs. The first scenario was
developed by considering the first two variables, and each subsequent scenario was built
by accounting for an additional climatic input variable. For scenarios 4, 5, and 6, the best
models for predicting SPEI-3 were LSTM, XGB, and RF, respectively. Meanwhile, the top
models for SPEI-6 were XGB for scenario 5 and RF for scenario 7. The performance of the
XGB and RF models produced satisfactory results for scenarios 4-7 for both timeframes
based on the NSE index. For meteorological drought forecasting, the majority of research
studies in the literature employed the ANFIS, ANN, and SVM models, but the relevance of
newly developed ML approaches such as the DT has not been thoroughly examined.

Algeria, Africa’s largest country, does not have many sources of drinkable water. As a
result, approximately 40% of the total population suffer from water scarcity. The nation is
95% dry and 80% desert, with only a few inches of rain per year. Water shortage is a problem
not just in the country’s poorly inhabited areas. In addition, poor water infrastructure has
led to inefficient water management: ruptures, theft, and leaks waste up to 30% of water in
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transportation [31]. As a result, comprehensive drought forecasting is crucial for detecting
and mitigating droughts early. The majority of research in the literature employed two or
three prediction models for meteorological drought forecasting [20,24,25]. However, no
study has been documented that applies and compares different ML approaches for hydro-
logical drought forecasting in Algeria. The major goal of this research is to apply four ML
techniques (i.e., ANN, ANFIS, SVM, and DT) to construct hydrological drought forecasting
models. As a result, the proposed modeling techniques might lead to improved attempts
to address limitations in drought prediction, which could then aid in mitigation strategies
such as regulations for water supply system management and sustainable water use.

2. Study Area and Data Collection

The Wadi Ouahrane basin in northern Algeria, which is between 36°00’ N and 36°24’ N
and between 01°00" E and 01°3’ E, was the study area. This area is part of the Wadi Cheliff
basin (Figure 1), and it extends over 270 km?. The study area has a maximum altitude
of 991 m and a minimum altitude of 165 m. The Wadi Ouahrane is a small tributary of
the Wadi Cheliff. This basin (Figure 1) is controlled by six pluviometric stations and one
hydrometric station. The Wadi Ouahrane basin is limited in the east by the basin of the
Wadi Fodda, in the west by the Wadi Ras basin, in the north by the Wadi Allala basin, and
in the south by the Wadi Sly basin. It is influenced by the Mediterranean climate with the
interannual average rainfall of 333 mm over 1972-2018. The mean annual temperature
is 18 °C.

The rainfall series database used in this study was gathered on a monthly scale at
six stations from 1972 to 2018 (Figure 1, Table 1). These data were sourced from the
National Agency of Meteorology and Hydrology (ANRH) and the National Office of
Meteorology (ONM).

Table 1. Rainfall stations and hydrometric station characteristics.

Geographical Coordinates (°’ /)

Stations ID Name ; : Elevation (m)
Longitude Latitude
Rainfall stations
S1 012201 LARBAT OULED FARES 01°09'18" 36°16'20" 116
S2 012224 BOUZGHAIA 01°14'27" 36°20'15" 217
S3 012205 BENAIRIA 01°22/28" 36°21'04" 320
54 012221 MEDJAJA 01°20'53" 36°16'39" 487
S5 012209 CHETIA 01°15'53" 36°12'56" 108
S6 NMO Airport, Chlef 01°19'28" 36°13/31" 158

Hydrometric station

S1 012201 LARBAT OULED FARES 01°13'5"” 36°14'14" 173

The Thiessen polygons technique was used to calculate the monthly areal mean basin
rainfall in this study. The weights of all the six stations were computed based on the
Thiessen polygons method (Figure 1). To construct SPI, these monthly mean rainfalls
were used.
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Figure 1. Location, topographic characteristics, pluviometric and hydrometric network of the
study area.

3. Materials and Methods
3.1. SPI and SRI

SPI and SRI are commonly used to detect meteorological and hydrological droughts.
The cumulative probability of monthly precipitation quantity collected at the observation
site is used to calculate SPI/SRI [32]. The parameters of the precipitation probability density
function, assumed to be in the form of gamma distribution, were determined for the whole
observation period at a meteorological station as per Equation (1):

1
g(x) = Wxa_le_”ﬁ 1)
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where « and S are the shape and scale parameters, respectively. Meanwhile, x is consec-
utive precipitation and I'(«) is the gamma function. The gamma function is defined by
Equation (2).

I(a) = /Ooo y* e Vdy ©)

The precipitation time series was used to determine the alpha and beta parameters of
gamma distribution as per Equation (3):

1 4A _ In(x;
oc:4A<1+ l+3>,A=Z”(x)_Zr;(X)' p=

where X is the mean precipitation quantity; n is the number of precipitation observations;
x; is the total amount of precipitation in a set of data. The cumulative probability can be
presented in Equation (4).

®)

R | R

G(x) :/()xg(x)dx: ﬁ“l}(a) /Oxx“_le_"/ﬁdx 4)

A mixed probability distribution was employed to account for the probability of zero
precipitation, and the cumulative probability is indicated in Equation (5):

H(x) =g+ (1-¢)G(x) 5)

where g is the probability that the precipitation quantity equals zero. The calculation of SPI
was presented based on Equation (6) [33]:

(4 _cotattofr
(t 1+d1f+dzt2+d3t3)’0 < H(x) <05

SPI = 2 (6)
cot+cttcot
—|—(t - m),% <H(x) <10
where ¢t was determined as shown in Equation (7):
1
ln(H(x)z) 0<H(x) <05
t= @)

1
ln((l_H(x))z) 05 < H(x) <1.0

where ¢, ¢1, ¢p, d1, dp, and d3 are coefficients whose values are:
¢o = 2.515517.¢; = 0.802853. ¢, = 0.010328

dy = 1.432788.d, = 0.189269. d3 = 0.001308

Different classifications and estimated probabilities of wet and dry spells can be
examined based on SPI for the studied timeframe, as shown in Table 2 [34]. Similarly, SRI
is calculated by fitting log-normal probability to the hydrometric data, and cumulative
probabilities are transformed into standard normal variates by following Equations (5)—(7).

3.2. Machine Learning Techniques

For drought forecasting, four machine learning approaches were used in this study:
ANN, ANFIS, DT, and SVM. The following subsections offer a summary of each approach.

3.2.1. Artificial Neural Network

ANN is a powerful nonlinear modeling technique that mimics human brain activity.
It is made up of basic processing neurons that are interconnected to conduct mathematical
manipulation [35]. The network extracts the patterns between the input variables and
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the predicted output values. Due to the stochastic nature of drought features and the
complexity of the involved processes, it is excellent for drought forecasting [36]. There are
many different types of ANNSs, with the multilayer perceptron neural network being one of
the most common. The most common ANN architecture comprises three layers and signals
that are transmitted in a forward direction through the network. The first layer (input layer)
receives input data but does not execute any numerical computations. The second layer
(hidden layer) is responsible for carrying out the important numerical calculations. The
output is finally produced and displayed by the last output layer. The back-propagation
technique in the R-package neuralnet was used to train the network using normalized input
and output data in this study.

Table 2. Categorization of different states of standardized drought indices.

SPI/SRI Range
State . -
Minimum Maximum

Extremely wet >2.0

Severely wet 1.50 1.99
Moderately wet 1.00 1.49

Near normal —0.99 0.99
Moderately dry —1.49 —1.00

Severely dry -1.99 —1.50

Extremely dry <-2.0

3.2.2. Adaptive Neuro-Fuzzy Inference System

ANFIS is a soft computing approach for simulating nonlinearity functions [37]. It
constructs input-output mapping using human knowledge [38,39]. The combination of
neural networks with fuzzy logic is the foundation of ANFIS. Because fuzzy logic increases
the learning properties of neural networks, ANFIS performs well in uncertain situations [40].
An ANFIS model consists of the input layer, the rules layer, the input/output membership
function layers, and the output layer. The input parameters are fuzzified in the first layer,
and the firing strength of the rules is calculated in the second layer. The firing strength of
the rules is normalized in the third layer. The rule outputs are distributed in the fourth
layer, and the system output is determined in the fifth layer by aggregating the rule outputs.
The fundamental goal of training the ANFIS network is to obtain real output by estimating
unknown parameters or weights from the training dataset. Using the MATLAB toolbar
(R2019b), a hit-and-miss strategy was used to find the proper structure.

3.2.3. Decision Trees

Breiman et al. [41] introduced DT to tackle a variety of classification and regression
problems. DT divide the data into partitioning variables based on the strongest association
between the responses [42]. The following are the details of the conditional inference trees’
working algorithms:

1.  All response variables and covariates are subjected to a global test of independence. If
the outcome is not rejected, the procedure must be halted. Otherwise, the procedure
proceeds to find the covariate that has the greatest impact on the response variable.

2. Inthe adopted covariate, a binary split is performed.

This process is continued until the global independence test is passed. The null
hypothesis of response variable independence underpins the termination criteria, with any
covariate being natural and statistically justifiable. The minimal splitting criterion used in
this study was 95%, and the test statistic distribution was calculated using the Monte Carlo
test in R using the party package.
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3.2.4. Support Vector Machine

SV, introduced by Vapnik [43], is an efficient and simple ML method of handling
noisy data. The regression aspect of an SVM includes SVR, which solves prediction prob-
lems. The main distinction between ANN and SVR is that the former aims to minimize
training error while the latter strives to reduce generalization error. Furthermore, unlike
ANN, SVR is based on the structural risk minimization principle [44]. This well-known
supervised learning approach has been employed in numerous drought-predicting studies.
The basic principle behind this method is to simplify the classification process by acquiring
a high-dimensional space from the original dataset in the input space. In this approach,
support vectors are employed as selection criteria, and they generate the best data catego-
rization boundaries [45]. For SVR, the three parameters are epsilon (¢), cost (C), and gamma
(v). C is the capacity control parameter, ¢ is the loss function to define the regression vector,
and 'y monitors the output complexity and minimizes the model space. The radial basis
kernel was employed in this study to develop the model, and the grid search technique
was used to tune the model parameters using the e1071 package in R [39,46].

3.3. Performance Evaluation Criteria

The performance of the developed models was assessed using various evaluation
criteria: root-mean-square error (RMSE), mean absolute error (MAE), Nash-Sutcliffe
coefficient of efficiency (NSE), and determination coefficient (R? ). The four criteria are
calculated according to Equations (8)—(11) [47-50]:

1 N
RMSE = \J N Z(SRIi(observed) - SRIi(model)) 8)
i=1
1 N
MAE = — Z‘ (SRIti(ObSETUEd) - SRIti(model)) ’ ©)
N =

2
Zzlil (SRIi(observed) - SRIi(model))
N2
le\il <SRIi(observed) - SRIi(observed))

R2_1— Zzlil (SRIi(observed) - SRIi(model)) (1)

Ezlil (SRIi(observed) - SRIWZEM)

where N is the number of observed SRI data, SRI;(ypserved) and SRI;(0401) are the observed
and modeled SRI estimations, respectively, and SRIeqy is the mean of the observed SRL

NSE=1- (10)

4. Results and Discussion

The meteorological drought index (SPI) was computed at multiple timescales
(1-12 months), whereas the hydrological drought index (SRI) was computed at the 3-,
6-, 9-, and 12-months timescales. Correlation analysis was performed between SPI at differ-
ent timescales (1-12 months) and SRI at the 3-, 6-, 9-, and 12-months timescales as shown in
Figure 2. The SPI timescale which best responds to SRI-3, -6, -9, and -12 months was chosen
as an input for SRI prediction at the 3-, 6-, 9-, and 12-months timescales. Further, the optimal
inputs (lags) were nominated through the partial autocorrelation function (PACF) at the 5%
significance level for all the SRI timescales as shown in Figure 3. The brown dotted line in
these figures represents the upper and lower critical limits at the 5% significance level. The
lags where the PACF value crosses the limits are considered statistically significant and can
be utilized as input of ML models. The best input combination for SRI prediction adopted
in this research is presented in Table 3.
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Table 3. Relationship between input and output for SRI prediction.
Station Name Input Variables Target Variable

SPI-5, SRI-3(t—1), SRI-3(t—2), SRI-3(t—3) SRI-3

SPI-6, SRI-6(t—1), SRI-6(t—2), SRI-6(t—11) SRI-6

LARBAT OULED FARES SPI-10, SRI-9(t—1), SRI-9(t—2), SRI-9(t—-9), SRL9
SRI-9(t—11), SRI-9(t—12)

SPI-12, SRI-12(t—1), SRI-12(t—2), SRI-12(t—9) SRI-12

A wide range of ML models with varying complexity and robustness is available for
drought prediction. In this research, the authors selected four state-of-the-art ML models
(ANN, ANFIS, DT, and SVM) for hydrological drought prediction at 3-, 6-, 9-, and 12-
months timescales. The data were divided into two phases: training and testing; 80% of the
data were used to teach the models, while the remaining 20% were utilized to assess the
learning efficacy of the models. In the ANN model, the hit-and-trial method was adopted
to determine the most appropriate network structure. The structure of ANN with three
hidden layers and neuron combinations in three hidden layers (6, 4, and 2) performed best
and was used for SRI prediction. Similarly, the optimum structure of the ANFIS model was
selected using the miss-and-hit strategy. A hybrid method was used to train the model,
with the Gaussian membership function for inputs and the linear membership function
for outputs. A DT model was also developed using the Monte Carlo test type and a 95%
splitting condition. Finally, the SVM model was tuned by changing the cost parameter
from 0.001 to 100 with steps of 10, the ¢ parameter—from 0 to 1 with steps of 0.01, and the
gamma parameter—at 0.33. The normalized input data were applied for training ANN and
ANFIS, whereas the DT and SVM models utilized the input data without normalization.

0.6 ‘
0.5 - ® ° ° : 2 2
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= [ J ®
S 0.4 - 3 $ &
E [ J * A
% i ¢ A
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g .
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Figure 2. Correlation analysis between different timescales of SPI and SRI.
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Table 4 shows the results of the performance evaluation of ML models using perfor-
mance criteria (RMSE, MAE, NSE, and R?). For hydrological drought prediction, the ML
approach with RMSE and MAE close to 0 and NSE and R? close to 1 was deemed the
best. These findings evidenced that all ML models can accurately predict hydrological
drought. The average performance of ANFIS remained on the lower side in this analysis,
while the performance of DT was better than that of ANFIS in predicting SRI at all the
timescales. Similarly, the ANN model performed better as compared to ANFIS and DT
at all the timescales. The performance of the SVM model was found robust in predicting
SRI at all the timescales and, therefore, recommended for hydrological drought forecasting.
These results correlate with the previous study on drought forecasting [39].

Table 4. Evaluation of the performance of various ML techniques of hydrological drought prediction.

Performance Indicators

ML Model Timescale

RMSE MAE NSE R?
3 months 0.45 0.31 0.57 0.73
oT 6 months 0.51 0.35 0.61 0.75
9 months 0.46 0.31 0.66 0.74
12 months 0.34 0.23 0.83 0.85
3 months 0.48 0.32 0.69 0.72
6 months 0.55 0.39 0.67 0.72
ANFIS 9 months 0.57 0.33 071 0.71
12 months 0.4 0.23 0.79 0.8
3 months 0.39 0.27 0.64 0.83
6 months 0.37 0.26 0.8 0.86
ANN 9 months 0.35 0.24 0.8 0.86
12 months 0.27 0.17 0.89 0.9
3 months 0.31 0.22 0.79 0.88
SUM 6 months 0.34 0.24 0.85 0.89
9 months 0.28 0.2 0.88 0.91
12 months 0.19 0.12 0.95 0.95

The scatterplots of comparison between the observed and predicted SRI values at the
3-, 6-, 9- and 12-months timescales by all the ML models are shown in Figure 4, Figure 5,
Figure 6, and Figure 7, respectively. Taylor diagram was also constructed to represent the
performance of all the ML models graphically at all the timescales as shown in Figure 8. It
is clearly shown in Figure 8 that the performance of the ML models was in the following
order: SVM > ANN > DT > ANFIS. Further, the trained models were utilized for simulating
droughts in the testing period at all the timescales. Figure 9 represents the simulation
results of all the ML models. It is clear from Figure 9 that the simulations performed using
the ANFIS and DT models showed a high deviation from the observed SRI, while the ANN
and SVM models had very little deviation from the observed SRL

The ML models were also assessed with respect to the computation time, as shown
in Table 5. It was observed that the SVM model took less time to converge after tuning its
parameters, while the convergence time of the other models was on the higher side. The
models were arranged from the least to the most computational time as follows: SVM, DT,
ANN, and ANFIS. This study was conducted using a machine with an Intel i7 8" generation
processor and 16 GB of RAM. According to these findings, the SVM model surpassed all
the other ML models in terms of performance and computation time. The ANFIS and DT
models overpredicted droughts at all the timescales. Following a comprehensive evaluation,
it was concluded that the SVM model can be used for hydrological drought forecasting and
can be applied for drought prediction in Algeria as well as other parts of the globe.
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Table 5. Comparison of techniques based on computation time.

Sr. No. ML Models Average Computation Time (s)
1 ANN 11.65
2 ANFIS 28.35
3 DT 1.37
4 SVM 0.15
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5. Conclusions

The efficacy of several machine learning approaches to forecast hydrological droughts
was investigated in this study. SPI was estimated at various timescales (1-12 months),
while SRI was calculated at the 3-, 6-, 9-, and 12- months timescales. Correlation analysis
between all the timescales of SPI and SRI was performed to select the timescale of SPI
which corresponds to SPI3-, 6-, 9-, and 12 months. The optimal inputs (lags) were identified
using PACF at the 5% significance level for all the SRI timescales. The SPI timescale which
showed the highest correspondence with SRI and statistically significant SRI lags were
utilized as input of ML models for hydrological drought forecasting. The performance
of the ML models was assessed using several evaluation criteria, including RMSE, MAE,
NSE, and R?. The results showed that all the ML models accurately predicted hydrological
droughts, while the SVM model outperformed the other ML models, with the average
RMSE = 0.28, MAE = 0.19, NSE = 0.86, and R2 = 0.90. The coefficient of determination
of SVM was 0.95 for predicting SRI at the 12-months timescale; as the timescale moves
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from higher to lower (12 months to 3 months), R? starts decreasing. This is because a small
timescale results in a large number of minor droughts as compared to a large timescale. The
performance of the ANFIS and DT models was found to be on the lower side throughout
the analysis because these models overpredicted the drought. Finally, the performance of
the ML models was also compared based on computation time. The primary drawbacks
of using the ML techniques are the time and resources involved in their computations.
Because the SVM’s convergence rate is faster and the approach requires less computational
resources, it successfully overcomes this problem.

The application of SVM to drought prediction is strongly recommended after conduct-
ing a comprehensive assessment of various ML approaches. The inclusion of additional
climatic and hydrological factors is recommended in future studies. The findings of this
study would be useful in making early decisions and developing preparedness strategies
to deal with the effects of impending calamities.
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