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Introduction

Drought is one of the most complex and costly natural disasters, and its accurate monitoring is essential for
water resources management and vulnerability reduction. The Standardized Precipitation-Evapotranspiration
Index (SPEI), as a bivariate index, utilizes precipitation and temperature data (to estimate evapotranspiration) and
has gained widespread application due to its multiscalar nature and sensitivity to climate change. However, limited
access to long-term and uniform station-based data in a country with high climatic diversity and complex
topography like Iran poses a significant challenge for accurate drought monitoring. The global gridded database
SPElbase, with a spatial resolution of 0.5 arc degrees, has been developed by integrating satellite data, climate
models, and in-situ measurements. This study aims to evaluate the reliability of SPElbase compared to station-
based data across Iran's catchments to assess the feasibility of substituting this database due to its extensive spatial
coverage and easier accessibility.

Materials and Methods

Two datasets were used in this research: 1) Station data including monthly precipitation time series and monthly
mean temperature from 43 meteorological stations in Iran for the statistical period 1986-2023, obtained from the
Iran Meteorological Organization (IRIMO). 2) Gridded SPEIbase data, version 2.11, based on the CRU TS 4.09
dataset, extracted for the same period from the Climatic Research Unit (CRU) at the University of East Anglia.
The station-based SPEI was calculated using potential evapotranspiration estimated via the Thornthwaite method
at time scales of 1, 3, 6, 9, and 12 months. The SPElbase index, based on potential evapotranspiration estimated
via the FAO-56 Penman-Monteith method, was extracted for the corresponding period. The concordance and
agreement between the two indices were evaluated using three statistical methods: 1) Pearson's correlation
coefficient to assess linear relationship, 2) Weighted Cohen's Kappa statistic to measure agreement in drought
classes (8 classes ranging from extreme drought to extremely wet), and 3) Bland-Altman plots to examine limits
of agreement and systematic bias.

Results and Discussion

Findings indicated that the Pearson correlation coefficient between SPEI and SPElbase fell within the strong
correlation range (0.70 to 0.90) for most stations and catchments in Iran. The highest correlations were observed
at stations in mountainous areas, such as Khorramabad (0.92), Hamedan (0.87), and Urmia (0.86) at the 12-month
scale. Conversely, coastal and lowland stations like Bandar Abbas, Ramsar, and Babolsar showed relatively
weaker correlations (0.63 to 0.67) at shorter time scales. Results from the Weighted Cohen's Kappa statistic also
demonstrated substantial agreement (0.60 to 0.80) in drought classification between the two indices in
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mountainous regions and moderate agreement (0.40 to 0.60) in lowland and coastal areas. Bland-Altman plots
revealed narrow limits of agreement and random scatter of points around the mean line, indicating no significant
systematic bias. A key finding was the increase in correlation and agreement with increasing time scale; the highest
agreement was observed at 9 and 12-month scales (hydrological drought) and the lowest at the 1-month scale
(meteorological drought). Bam station, with a mean annual precipitation of approximately 53.7 mm, exhibited the
lowest correlation (0.64) and agreement (0.39) at the 12-month scale, possibly due to hyper-arid conditions and
limitations of evapotranspiration estimation methods in such climates. Constructed violin plots confirmed the
concentration of correlation and kappa coefficients at higher ranges with increasing time scale.

Conclusion

The SPEIlbase database demonstrates suitable accuracy for drought monitoring across Iran's catchments and
shows high concordance and agreement with station-based data in many regions, particularly mountainous areas.
As the time scale increases from 1 to 12 months, correlation and agreement improve, indicating higher reliability
of this database for monitoring agricultural and hydrological droughts. In coastal and lowland regions, especially
at shorter time scales, caution is recommended when using this database. Given its extensive spatial coverage,
appropriate temporal resolution, and free accessibility, SPEIbase can serve as a reliable alternative to station-based
data in data-sparse regions or areas with incomplete records. It is suggested that future research calculate station-
based SPEI using the FAO-56 Penman-Monteith method to evaluate the impact of the evapotranspiration
estimation method on the level of agreement with SPEIbase
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Chabahar Shiraz
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Dezful Tabas
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Isfahan Tabriz
16 o5 2 498.79 1801 38 ol 1191 18.38
Gorgan Tehran
17 olen 17408 30371 11.90 39 k> 1451 14.50
Hamedan Torbat heydarieh
18 ey 501.1  105.96 2720 40 > 1230.2 20.29
Iranshahr Yazd
19 ol 1754 12414 16.55 41 H 489.2 22.87
Kerman Zabol
20 obisle)s 1318.5 411.35 15.37 42 obel; 1370 19.10
Kermanshah Zahedan
21 Ll 1147.8 479.31 17.04 43 Obfjj 1659.4 11.58
Khorramabad Zanjan
22 il 11034 26387 1285
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Figure 2- Global map of the SPEIbase sample (left) and the location of extracted cells from it for Iran (right).
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Table 2- Classification criteria for SPEI and SPEIbase

03, T o 53 03, SPElbase ¢ SPEI y5lie
Catagory Description Ordinal class SPEI and SPElbase values
w3 228 s Jlo g 8 >2.00
Exremely wet
w2 b o 7 15t01.99
Very wet
w1 bugia Jluy 6 1.00 to 1.49
Moderately wet
WO i 5 0t00.99
Mildly wet
DO et i 4 0t0-0.99
Mild drought
D1 bogie Jlusiis 3 -1.0t0 -1.49
Moderate drought
D2 b Jlusis 2 1.5t0-1.99
Severe drought
D3 Ak e s 1 <-2.00

Extreme drought
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SPEIbase g SPEI (yu Jod alaly b,
oy jl oolizwl L SPEIbase ¢ SPEI 4y los dlayl, O}oﬂ
‘39‘”@ o.&».al;xg d)9L“5Mw)‘DA§U9‘”)"’M
Siumed o o (Glavaring, 2015) by,lalS 5l & 4 .0 sl
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Db s dslone 1) Ojgod,
PET = 1.6k (*2)" (v)

5 xSk slos T eailalo Jslsy 3,55 5 55 PET (] 9 o8
Al dilale (asls lade VY ggeome | &S canl plo)S (adli |
3956 S 35 K 5l padls & dtuly oy S M 335 o
35 o dmlbre ollia (5)e 5 ol ulul & Cunl s
.(Vicente-Serrano et al., 2010)
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Table 3- Interpretation of Pearson Correlation Coefficient values (Schober et al., 2018)

o ) g 0o (Gllae yud (o el
Range of absolute correlation coefficient Strength of correlation
l . . . &
0<|rl<o01 (4ot 05) i oy (Fhsa
Very weak correlation (No correlation)
0.1 < |r| <0.30 g (o
Weak correlation
ja-w e .
0.30 < [r| < 050 o (Fsad
Moderate correlation
0.50 < [r| < 0.70 98 il e
Fairly strong correlation
0.70 < |r| < 0.90 S e
Strong Correlation
&8 sl M

0.90 < |r| < 1.00

Very Strong Correlation
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Table 4- Interpretation Cohen’s weighted kappa (Landis & Koch, 1977)

L ),gblin ‘95193 @a.w
Kappa value Level of aggreement
By il 3l a8
k<0
Less than chance agreement
Sl gHlg
0<Kk<020 | oES
Slight aggreement
. l .
0.20 < k < 0.40 e S
Fair aggreement
k‘d . ..'l .
0.40 < K < 0.60 7o S
Moderate aggreement
L ol
0.60 < k < 0.80 >0 S
Substantial aggreement
s Lo,w sly
0.80 < k < 1.00 S s Sy
Near perfect aggreement
1 o5 il

Perfect aggreement
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Figure 3- The correlation coefficient value between SPEI and SPEIbase at different time scales at the sample station
(Mashhad)
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Figure 5- Bland-Altman plots between SPEI and SPElbase at corresponding time scales in the sample station (Mashhad)
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Table 5- Summary of correlation and agreement tests between SPEI and SPEIbase at the 1-month scale over Iranian

catchments
Station Catchment No. Kappa (k*) Perarson (r**) Bland-Altman (Range)
0 Sany asprojloni LB s owym s o] -l dial>

Khoy 0.64 0.76 Upper= +1.51, Lower=-1.21
Ardabil 0.58 0.71 Upper= +1.60 , Lower=-1.30
Zanjan 0.57 0.75 Upper= +1.55, Lower=-1.19
Anzali 0.57 0.70 Upper= +1.56 , Lower=-1.38
Rasht 1 0.63 0.77 Upper=+1.42 , Lower=-1.25
Ramsar 0.53 0.63 Upper= +1.79 , Lower= -1.53
Babolsar 0.52 0.67 Upper=+1.79 , Lower=-1.40
Gorgan 0.52 0.66 Upper= +1.76 , Lower= -1.50
Bojnurd 0.54 0.67 Upper=+1.71 , Lower=-1.09
Sanandaj 0.56 0.76 Upper=+1.91, Lower=-1.04
Kermanshah 0.61 0.78 Upper= +1.87 , Lower= -0.92
Khoramabad 0.56 0.76 Upper= +1.82 , Lower=-1.01
Dezful 0.47 0.60 Upper= +2.25 , Lower=-1.35
Ahvaz 0.56 0.72 Upper=+1.99 , Lower=-1.07
Sahrkourd 2 0.53 0.36 Upper= +2.02 , Lower= -1.34
Abadan 0.55 0.71 Upper=+2.01, Lower=-1.07
Boshehr 0.54 0.60 Upper= +2.93, Lower=-2.01
Shiraz 0.50 0.67 Upper= +2.02 , Lower= -1.25
Bandar lengeh 0.42 0.61 Upper= +2.37 , Lower=-1.13
Bandar Abbas 0.34 0.59 Upper=+2.49 , Lower=-1.21
Bandar Chabahar 0.44 0.63 Upper= +2.21 , Lower= -1.39
Tabriz 0.69 0.79 Upper= +1.55 , Lower= -1.08
Urmia 3 0.67 0.79 Upper=+1.59 , Lower=-1.08
Sagez 0.59 0.71 Upper=+1.79, Lower=-1.12
Semnan 0.62 0.76 Upper= +1.65, Lower=-1.08
Shahrud 0.58 0.69 Upper=+1.75, Lower=-1.41
Sabzvar 0.62 0.68 Upper=+1.71, Lower=-1.44
Torbat Heydarieh 0.63 0.75 Upper= +1.56 , Lower= -1.33
Tabas 0.56 0.74 Upper=+1.99 , Lower=-1.08
Birjand 0.52 0.72 Upper= +1.85, Lower=-1.30
Bam 0.51 0.67 Upper=+2.17 , Lower=-1.17
Iranshahr 4 0.54 0.71 Upper= +1.94 , Lower= -1.26
Kerman 0.55 0.75 Upper=+2.05, Lower=-1.00
Yazd 0.53 0.70 Upper= +2.04 , Lower=-1.07
Isfahan 0.55 0.72 Upper= +1.91 , Lower=-1.10
Hamedan 0.65 0.81 Upper= +1.51, Lower=-0.95
Qazvin 0.64 0.77 Upper= +1.50 , Lower=-1.15
Tehran 0.64 0.76 Upper= +1.62 , Lower=-1.20
Arak 0.50 0.63 Upper=+1.99 , Lower= -1.42
Zabol 0.58 0.74 Upper=+1.78 , Lower=-1.13
Zahedan 5 0.55 0.67 Upper= +2.00 , Lower= -1.40
Saravan 0.54 0.71 Upper= +1.97 , Lower=-1.31
Mashhad 6 0.67 0.79 Upper= +1.45, Lower=-1.17
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Table 6- Summary of correlation and agreement tests between SPEI and SPEIbase at the 3-month scale over Iranian

catchments
Station Catchment No. Kappa (k*) Perarson (r**) Bland-Altman (Range)
0 Sany asprojloni LB s owsm g o] -l dial>

Khoy 0.69 0.80 Upper= +1.48 , Lower=-1.08
Avrdabil 0.62 0.71 Upper= +1.67 , Lower= -1.22
Zanjan 0.66 0.81 Upper= +1.47 , Lower= -1.00
Anzali 0.58 0.69 Upper= +1.65, Lower=-1.38
Rasht 1 0.67 0.75 Upper= +1.54 , Lower=-1.29
Ramsar 0.44 0.56 Upper=+2.00, Lower=-1.66
Babolsar 0.53 0.65 Upper=+1.91, Lower=-1.40
Gorgan 0.53 0.67 Upper= +1.78 , Lower= -1.39
Bojnurd 0.52 0.71 Upper= +1.73 , Lower=-1.28
Sanandaj 0.61 0.81 Upper= +1.81 , Lower=-0.84
Kermanshah 0.62 0.84 Upper=+1.71, Lower=-0.64
Khoramabad 0.63 0.82 Upper= +1.70 , Lower=-0.79
Dezful 0.46 0.60 Upper=+2.32 , Lower=-1.31
Ahvaz 0.56 0.73 Upper=+2.03, Lower=-1.01
Sahrkourd 2 0.57 0.42 Upper= +1.92 , Lower= -1.18
Abadan 0.54 0.69 Upper= +2.15 , Lower= -1.10
Boshehr 0.55 0.65 Upper= +3.03 , Lower= -2.06
Shiraz 0.55 0.70 Upper= +1.95, Lower= -1.17
Bandar lengeh 0.49 0.69 Upper= +2.25 , Lower= -0.87
Bandar Abbas 0.41 0.64 Upper= +2.43 , Lower= -0.97
Bandar Chabahar 0.47 0.67 Upper= +2.17 , Lower=-1.15
Tabriz 0.72 0.82 Upper= +1.55 , Lower= -0.93
Urmia 3 0.62 0.84 Upper= +1.55, Lower=-0.89
Sagez 0.64 0.71 Upper=+1.81, Lower=-1.01
Semnan 0.64 0.78 Upper= +1.69 , Lower=-0.94
Shahrud 0.62 0.72 Upper=+1.75, Lower=-1.24
Sabzvar 0.65 0.72 Upper= +1.67 , Lower=-1.29
Torbat Heydarieh 0.68 0.79 Upper= +1.47 , Lower=-1.17
Tabas 0.53 0.72 Upper=+2.09 , Lower=-1.00
Birjand 0.60 0.77 Upper= +1.77 , Lower= -1.06
Bam 0.45 0.65 Upper=+2.32, Lower=-1.05
Iranshahr 4 0.51 0.71 Upper= +2.08 , Lower=-1.21
Kerman 0.56 0.76 Upper=+2.10, Lower=-0.89
Yazd 0.50 0.71 Upper=+2.11, Lower=-0.94
Isfahan 0.46 0.70 Upper=+2.01, Lower=-1.09
Hamedan 0.66 0.84 Upper= +1.47 , Lower=-0.78
Qazvin 0.68 0.82 Upper= +1.44 , Lower=-0.99
Tehran 0.66 0.79 Upper= +1.61 , Lower=-0.99
Arak 0.53 0.64 Upper=+2.01, Lower=-1.33
Zabol 0.54 0.76 Upper= +1.88 , Lower=-0.99
Zahedan 5 0.63 0.71 Upper= +2.02 , Lower= -1.20
Saravan 0.54 0.71 Upper= +1.95, Lower=-1.38
Mashhad 6 0.74 0.82 Upper= +1.39 , Lower=-1.03
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Table 7- Summary of correlation and agreement tests between SPEI and SPEIbase at the 6-month scale over Iranian

catchments
Station Catchment No. Kappa (k*) Perarson () Bland-Altman (Range)
0 iy woprpjlons LB cups  owsm s ooy dial

Khoy 0.69 0.84 Upper= +1.41 , Lower=-0.92
Ardabil 0.57 0.70 Upper= +1.72 , Lower=-1.18
Zanjan 0.65 0.81 Upper= +1.50 , Lower=-0.92
Anzali 0.53 0.65 Upper= +1.74 , Lower= -1.45
Rasht 1 0.67 0.72 Upper= +1.63 , Lower=-1.34
Ramsar 0.36 0.50 Upper= +2.18 , Lower=-1.78
Babolsar 0.59 0.66 Upper= +1.92 , Lower=-1.36
Gorgan 0.59 0.71 Upper= +1.74 , Lower= -1.27
Bojnurd 0.56 0.73 Upper= +1.75, Lower=-1.17
Sanandaj 0.64 0.82 Upper= +1.79 , Lower=-0.71
Kermanshah 0.68 0.88 Upper= +1.57 , Lower=-0.44
Khoramabad 0.68 0.86 Upper= +1.56 , Lower=-0.61
Dezful 0.47 0.65 Upper= +2.20 , Lower=-1.14
Ahvaz 0.57 0.73 Upper= +2.03 , Lower=-0.97
Sahrkourd 2 0.69 0.78 Upper= +1.74 , Lower=-0.96
Abadan 0.53 0.68 Upper= +2.18 , Lower=-1.08
Boshehr 0.57 0.72 Upper= +3.01, Lower=-2.06
Shiraz 0.66 0.80 Upper= +1.64 , Lower=-0.90
Bandar lengeh 0.50 0.73 Upper= +2.18 , Lower=-0.72
Bandar Abbas 0.44 0.69 Upper= +2.34 , Lower=-0.79
Bandar Chabahar 0.50 0.74 Upper= +2.06 , Lower=-0.93
Tabriz 0.73 0.84 Upper= +1.55, Lower=-0.76
Urmia 3 0.68 0.85 Upper= +1.57 , Lower=-0.76
Sagez 0.69 0.80 Upper= +1.85, Lower= -0.68
Semnan 0.62 0.83 Upper= +1.62 , Lower=-0.72
Shahrud 0.66 0.80 Upper= +1.61 , Lower=-0.97
Sabzvar 0.64 0.78 Upper= +1.61 , Lower=-1.12
Torbat Heydarieh 0.74 0.83 Upper= +1.43 , Lower=-1.06
Tabas 0.51 0.76 Upper= +2.04 , Lower=-0.76
Birjand 0.65 0.85 Upper= +1.63 , Lower=-0.80
Bam 0.43 0.63 Upper= +2.44 , Lower= -1.03
Iranshahr 4 0.49 0.72 Upper= +2.11 , Lower=-1.11
Kerman 0.59 0.80 Upper= +2.08 , Lower=-0.68
Yazd 0.52 0.72 Upper= +2.13 , Lower=-0.77
Isfahan 0.51 0.70 Upper= +2.04 , Lower=-1.01
Hamedan 0.70 0.86 Upper= +1.45, Lower= -0.66
Qazvin 0.72 0.83 Upper= +1.43 , Lower=-0.91
Tehran 0.66 0.79 Upper= +1.62 , Lower=-0.99
Arak 0.53 0.61 Upper= +2.08 , Lower=-1.32
Zabol 0.62 0.81 Upper= +1.82 , Lower=-0.77
Zahedan 5 0.68 0.77 Upper= +1.96 , Lower=-0.98
Saravan 0.55 0.75 Upper=+1.91 , Lower= +1.28
Mashhad 6 0.77 0.85 Upper= +1.35, Lower=-0.92
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Table 8- Summary of correlation and agreement tests between SPEI and SPEIbase at the 9-month scale over Iranian

catchments
Station Catchment No. Kappa (k*) Perarson (rr**) Bland-Altman (Range)
2 ans asgs pylows LB cupd  awam s ool diols

Khoy 0.69 0.85 Upper= +1.45, Lower=-0.84
Ardabil 0.56 0.69 Upper= +1.80 , Lower=-1.13
Zanjan 0.60 0.81 Upper= +1.57 , Lower=-0.87
Anzali 0.53 0.64 Upper= +1.76 , Lower=-1.45
Rasht 1 0.66 0.69 Upper= +1.74 , Lower=-1.40
Ramsar 0.32 0.44 Upper= +2.33 , Lower= -1.86
Babolsar 0.60 0.69 Upper= +1.86 , Lower=-1.25
Gorgan 0.60 0.74 Upper= +1.72 , Lower= -1.16
Bojnurd 0.59 0.74 Upper= +1.79 , Lower=-1.10
Sanandaj 0.62 0.84 Upper= +1.77 , Lower= -0.52
Kermanshah 0.67 0.89 Upper= +1.58 , Lower= -0.25
Khoramabad 0.70 0.90 Upper= +1.46 , Lower= -0.35
Dezful 0.55 0.72 Upper= +2.03 , Lower= -0.87
Ahvaz 0.55 0.74 Upper=+2.01, Lower=-0.87
Sahrkourd 2 0.70 0.77 Upper= +1.81 , Lower=-0.90
Abadan 0.56 0.68 Upper= +2.19 , Lower= -1.00
Boshehr 0.62 0.78 Upper= +3.00 , Lower=-2.06
Shiraz 0.69 0.86 Upper= +1.48 , Lower=-0.73
Bandar lengeh 0.49 0.76 Upper= +2.15 , Lower= -0.63
Bandar Abbas 0.44 0.74 Upper= +2.27 , Lower=-0.71
Bandar Chabahar 0.59 0.78 Upper= +1.97 , Lower= -0.76
Tabriz 0.70 0.84 Upper= +1.60 , Lower=-0.67
Urmia 3 0.70 0.85 Upper= +1.66 , Lower=-0.66
Sagez 0.70 0.85 Upper= +1.66 , Lower=-0.66
Semnan 0.62 0.85 Upper= +1.59 , Lower= -0.57
Shahrud 0.69 0.85 Upper= +1.49 , Lower= -0.75
Sabzvar 0.64 0.79 Upper= +1.64 , Lower=-1.08
Torbat Heydarieh 0.73 0.85 Upper= +1.43 , Lower=-1.00
Tabas 0.54 0.76 Upper=+2.09 , Lower=-0.67
Birjand 0.67 0.88 Upper= +1.56 , Lower=-0.67
Bam 0.39 0.61 Upper=+2.51, Lower=-1.04
Iranshahr 4 0.48 0.76 Upper=+2.04 , Lower=-0.93
Kerman 0.59 0.81 Upper=+2.10, Lower=-0.61
Yazd 0.51 0.72 Upper= +2.18 , Lower=-0.65
Isfahan 0.52 0.69 Upper= +2.12 , Lower= -0.93
Hamedan 0.65 0.86 Upper= +1.51, Lower=-0.55
Qazvin 0.67 0.84 Upper= +1.44 , Lower= -0.82
Tehran 0.62 0.80 Upper=+1.62 , Lower=-0.89
Arak 0.51 0.63 Upper= +2.09 , Lower= -1.17
Zabol 0.60 0.83 Upper= +1.83 , Lower=-0.72
Zahedan 5 0.69 0.83 Upper= +1.84 , Lower=-0.75
Saravan 0.60 0.80 Upper=+1.81 , Lower=-1.13
Mashhad 6 0.80 0.87 Upper= +1.34 , Lower= -0.83
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Table 9- Summary of correlation and agreement tests between SPEI and SPEIbase at the 12-month scale over Iranian

catchments
Station Catchment No. Kappa (x*) Perarson (") Bland-Altman (Range)
2 iy woprpjlond LB cups  gwam cups ool -y sl

Khoy 0.69 0.85 Upper= +1.47 , Lower=-0.77
Ardabil 0.57 0.69 Upper= +1.85 , Lower=-1.06
Zanjan 0.51 0.80 Upper= +1.66 , Lower=-0.85
Anzali 0.56 0.63 Upper= +1.78 , Lower= -1.46
Rasht 1 0.62 0.70 Upper= +1.74 , Lower= -1.37
Ramsar 0.25 0.40 Upper= +2.44 , Lower= -1.92
Babolsar 0.62 0.71 Upper= +1.83 , Lower=-1.17
Gorgan 0.62 0.75 Upper= +1.71 , Lower= -1.09
Bojnurd 0.55 0.75 Upper= +1.82 , Lower=-1.06
Sanandaj 0.60 0.85 Upper= +1.77 , Lower=-0.41
Kermanshah 0.62 0.90 Upper= +1.62 , Lower=-0.15
Khoramabad 0.70 0.92 Upper= +1.42 , Lower=-0.17
Dezful 0.61 0.78 Upper=+1.92 , Lower= -0.62
Ahvaz 0.55 0.77 Upper= +1.98 , Lower=-0.69
Sahrkourd 5 0.66 0.76 Upper= +1.87 , Lower=-0.84
Abadan 0.62 0.71 Upper= +2.16 , Lower=-0.82
Boshehr 0.64 0.81 Upper= +3.03 , Lower=-1.99
Shiraz 0.70 0.86 Upper= +1.53 , Lower=-0.67
Bandar lengeh 0.48 0.77 Upper= +2.15, Lower=-0.55
Bandar Abbas 0.44 0.75 Upper= +2.28 , Lower= -0.65
Bandar Chabahar 0.56 0.80 Upper= +1.97 , Lower= -0.64
Tabriz 0.66 0.85 Upper= +1.63 , Lower=-0.56
Urmia 3 0.72 0.86 Upper= +1.68 , Lower= -0.55
Sagez 0.67 0.83 Upper= +1.82 , Lower= -0.55
Semnan 0.63 0.86 Upper= +1.59 , Lower= -0.47
Shahrud 0.70 0.87 Upper= +1.43 , Lower=-0.61
Sabzvar 0.63 0.79 Upper= +1.69 , Lower= -1.07
Torbat Heydarieh 0.73 0.86 Upper= +1.43 , Lower=-0.95
Tabas 0.54 0.78 Upper= +2.10 , Lower=-0.58
Birjand 0.67 0.90 Upper= +1.58 , Lower= -0.621
Bam 0.39 0.64 Upper= +2.50 , Lower=-0.93
Iranshahr 4 0.47 0.80 Upper= +1.96 , Lower=-0.73
Kerman 0.57 0.83 Upper= +2.08 , Lower= -0.47
Yazd 0.52 0.73 Upper= +2.21 , Lower=-0.54
Isfahan 0.52 0.67 Upper= +2.21 , Lower=-0.89
Hamedan 0.63 0.87 Upper= +1.54 , Lower= -0.45
Qazvin 0.65 0.84 Upper= +1.45, Lower=-0.75
Tehran 0.60 0.82 Upper= +1.61 , Lower=-0.78
Arak 0.48 0.63 Upper= +2.14 , Lower= -1.09
Zabol 0.59 0.84 Upper= +1.85 , Lower=-0.67
Zahedan 5 0.67 0.85 Upper= +1.79 , Lower=-0.63
Saravan 0.60 0.83 Upper= +1.75 , Lower=-0.98
Mashhad 6 0.80 0.88 Upper= +1.36 , Lower=-0.80

logysly cdodil loj cslogolido ) Lol bbe oSt
cupd ohod culps YL plie Jo bodl g 03 5oL
STy 5 Yl Cunlad ouind LS &5 L9 oo S yeke (e
» boghy @i S5 nl p ogMe adl oo bolun] oy yioS
Sygly p> > Lialiil g bl Lials 5 il YL elie

Al Bl g (Shran

,> SPEIbase 5 SPEI olie oo Sinlad olime clpls

Ve Sl (Sigdorde okod 9 hyslaS laJlusiis
&g oS ke Osky lag Ml (wlidlr s Jlusiis
P il ABYY holunl o LS 5 (Siwen culps
239 P Ygosn iighy (4ale ¥ g 1) olis loj (slauliia
ol o (Stsa o 0 039 ulpd b (S S0l
w8l g (ldlyaa (2 «()lpenl £95 e Kl oo () cunl n



VEoF sl (yote F 0 kods FA alo (S g o 4,55 FrA

T
os 4 L L T
E o7 | =
g
)
5061 ( [ w
g
o)
<]
o
g
S
S 04
°
£
5]
31
021
0 I I I I I
1-month 3-month 6-month 9-month 12-month

time scale

Cohen’s weighted kappa (k)

09

ol A | L]

0.5

— | —
E
—
E—
—

04

031

021

0.1

.
6-month 9-month 12-month

time scale

1-month 3-month

9 SPET tym (Conwly Caoms) 15359 0295 SLE 36 9 (i o) (ygmw . (Siammsod ot w5 31 (olig (5B 10g05 —T1 JSCud
Qliseo  Sloj s wlie 43 SPEIbase
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coefficient (right panel) between SPEI and SPEIbase at different time scales
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