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Article Info ABSTRACT
Article type: Tntroduction: Drought IS a natural disaster that affects more tpeople comparing others, It
Research Article has known as creeping phenomenan that evolve gradually. It has adverse effécts aon the

ecosystem, economic qrowth, agricultural production, political and social stability. It
affects human survival and_all” other living things. our_t?/pes of droughts aré 1)
Meteorological, 2) Hydrological, 3) Agriculture and 4) Social and economic droughts.
This study is on meteorological drought which can bé studied using different drought
indices such as SPEI, SPI, and many others. The SPEI index, ‘is based on both
precipitation and reference crop potential ev_e#mransplrathn (ETp).. SPEI has been
widely used in h&/drologg and climatology in different countries. This index is obtained
by inClusion of ET, on SPI index. Undoubtedly accurate prediction of drought is very
important in optimal management of water resources in any region. Among the widely
used linear stochastic models, that can forecast SPEI time series, it can be refer to the
random stochastic models namely ARIMA and SARIMA. These two mentioned models
have been widely used in various hE{drologl_caI and climatic studies. The aim of this
study is to predict the SPEI using the time series models in Ardabil province.

Avrticle hlstog: Materials and Methods; Data used in this study are the precipitation, maximum air
Received 16 December 2026 temperature (Tmax), mMinimum _air tenp_Perature (Tmin), maximum relative _humidit
Received in revised form R maxg, minimum relative humidity (RHy;»), and wind sgeed at ten meters height (U
4 May 2026 and actual sunshine hours (n) in dalI%( time scale, A 30-year statistical time period
Accepted 8 June 2026 %199272021) }N{’;\S 3s$d. Three s n(%pdlc statlon?h(Atga(lj)llﬁ_lKhalkhal, ansdt Pgrsgbad&

: ; aving complete data were selected across the Ardabil province. Standardize
Published online 22 August 2026 PrecigltationPEva oration Index FSPEI) calculated in five di_stincg time scales (1, 3, 6, 9,

and 12 months. This index is calculated by precnlpl_tatlon minus the ETy in a given time
scale. In the first step, to calculate thé SPEI index, the potential reference crop
evapotranspiration SE is calculated using the recommended from of the Penman-
Montheis method. In the second_step, the parameter denoted by D is obtained by
subtraction of ET, from precipitation. In the third step, Di values are fitted by a three-
F_arameter |Og-|O%IStIC distribution. Its parameters were estimated using the maximum
ikelihood méthod. Then, having the cumulative distribution function values at hand, the
SPEI values were estimated as well. In the following, two random time series models
(ARIMA and SARIMA) were used to model the SPET index. Finally, the derived model
was used to forecast SPEI in the selected stations.

Results and Discussion: The .mostrpromlnent results are as follows: 1) In a 6-month
time window the longest duration of drought in Ardabil station had 33 months length.
This length was about 16 months in Khalkhal station for a 12-month time window. Also
in Parsabad station, the longest period of drought for a 12-month time window has laste
about 44 months. )bThe most severe drought period has been ex&)erlenced in Ardabil,
Khalkhal, and Parsabad stations, in a 12-month time window, had rougtht severity (with
SPEI) equal to -3.89, -2.46, and -3.06, respectlvelfy. 3) The most suitable linear time
series random model in Ardabil station was found for the SPEIs index. This model was
the SARIMA(Z,0,0%(O 1,4)12. In Khalkhal station, the most suitable model belon§ed to
SPEI,. The type of the model for this site is SARIMA model E?’O 0) (0,1,1)12. In
Parsabad station the most suitable model was found for SPEls. SARIMA model (2,0,0)
(1,1,1)12 was detected as the best one for Khalkhal. 4: Predictions for short-term time
windows (1, 3 and 6 months) were more accurate than that of the long-term time
windows (9 and 12 months). .
Conclusions: The results of this study showed that the length of meteorological drought
using the SPEI index in the three selected stations and in the time scales (1, 3, and 6
mon hs? fluctuates between 3 and 5 months. As the time scale increases, the number of
drought events decreases. In addition, by increasing the time window duration of
drought increases. In the present study, ARIMA and SARIMA models were used to

Predlct the SPEI index. Time series models were found to be a suitable tool to predict
Keywords: he SPEI index in the studa/ area having the arid and semi-arid climate. In this study, the
Forecasting SARIMA model was used to predict the SPEI index due to the presence of seasonal
Drought trends in the 1, 3, 6, and 9 months, time windows. Results showed that this model had
ARIMA reasonable accuracy for all time windows except 12 months. This window was found to
SPEI be lack of the seasonal trends. Therefore, the non-seasonal ARMA model was used, for

12-month window.
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4 Cuws SPEI adllas > oxs o (Kim & Rhee, 2016; Vicente-Serrano et al., 2010) cuwl odds Juol>
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Q olee 0080 Sloj sl s b Jie Lo ;| (Mehdizadeh et al., 2019; Van Vuren et al., 2016
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Table 1. Characteristics of meteorological stations and summary statistics of their climatic parameters (1992-2021)

Station Geographical locations Average parameters
Latitude Longitude Altitude (m) P (mm) ET, (mm) Toaxé °C) Toin (°C) Tmean (°C)
Ardebil 38013 05" 48019'43" 1335.2 286.3 948.3 254 -7.3 9.5
Khalkhal 48°32' 18" 37°36' 32" 1797.4 3735 929.5 26.5 9.3 8.9
Parsabad 39°36' 18" 47°46' 44" 72.6 270.8 919.6 34.1 -0.9 15.1

Note: In this table P is mean annual precipitation, ET, is mean annual reference crop evapotranspiration using the Penman-Montheis method.
¢ long-term mean of air temperature in the hot month of the year
* long-term mean of air temperature in the cold month of the year
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Table 2. Description of drought quality by SPEI method (Santoso et al., 2022)

SPEI Dry classification SPEI Wet classification
0to-0.99 Mildly dry or near normal 0to +0.99 Mildly wet or near normal
-1t0-1.49 Moderately dry +1.00 to +1.49 Moderately wet
-1.50 to -1.99 Severely dry +1.50 to +1.99 Very wet
<-2.00 Extremely dry +2.00> Extremely wet
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Figure 2. Pattern of rainfall changes in the selected stations in monthly scale (1992-2021)
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Figure 3. Variations of potential reference crop evapotranspiration in monthly scale and in the selected stations
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Figure 4. Graphs of SPEI index in different time scales at Ardabil station during the statistical period (1992-2021)
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Figure 5. Graphs of SPEI index in different time scales at Khalkhal station (1992-2021)
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Figure 6. Graphs of SPEI index in different time scales at Khalkhal station (1992-2021)
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Table 3. Summary of evaluation results of SPEI time series models in different time scales and in the selected stations

. . . Validation

Station Time window Model type RMSE AlC NS
SPEIl, SARIMA(2,0,1)(0,1,2)1, 0.33 339.5 0.89
SPEI; SARIMA(0,0,2)(3,1,0)12 0.46 -144.9 0.94

Ardebil SPElg SARIMA(0,0,0)(1,1,1):, 0.28 -240.7 0.93
SPElg SARIMA(1,0,0)(0,1,2)1, 0.5 -19.2 0.78
SPEl;, ARMA(1,1) 1.21 221.95 -0.75
SPEIl; SARIMA(0,0,0)(0,1,1):, 0.42 270.3 0.83
SPEl; SARIMA(1,0,2)(3,1,0)12 0.3 -185.5 0.91

Khalkhal SPEls SARIMA(3,0,0)(0,1,1)1, 0.39 -324.4 0.86
SPElg SARIMA(2,0,0)(0,1,1):, 0.8 -68.8 0.47
SPEl;, ARMA(1,3) 0.94 201.7 -0.05
SPEIl; SARIMA(0,0,0)(0,1,1):, 0.33 335.1 0.88
SPEl; SARIMA(0,0,3)(3,1,0)1, 0.24 -113.7 0.93

Parsabad SPElg SARIMA(3,0,0)(0,1,1)1, 0.33 -251.5 0.89
SPElg SARIMA(3,0,0)(0,1,1):, 0.64 -52.6 0.62

SPEl;, ARMA(3,3) 15 2112 -6.03
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Figure 7. Graphs of ACF for Ardabil (left column), Khalkhal (middle column) and Parsabad (right column) stations (1992-2021)
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Figure 8. PACF charts of SPEI time series in Ardabil (left column), Khalkhal (middle column) and Parsabad (right column) stations
(1992-2021)
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