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Abstract Extended

Introduction

Drought is a gradual and complex natural hazard with a slow onset and long-lastingdgmpacts, making
accurate monitoring essential for effective management, partictlarly in arid and semi-arid regions.
However, precise drought monitoring in areas with high climatic variability, andilimited access to long-
term, homogeneous station data—such as southeastern Iran—poses a serious,\\hilllenge. This region,
covering about one-fourth of Iran's area, has sparse station networks ‘and scarce long-term precipitation
records. Global gridded databases integrating remote sensingj numerical models, and ground
observations, such as SPIbase derived from GPCC precipitation |data, can serve as suitable substitutes
for data-sparse areas. However, the accuracy of theséndatasets. may vary across climatic zones.
Therefore, evaluating gridded indices against station-based data is necessary to ensure correlation,
agreement, and effectiveness in drought monitoring. While previous studies have assessed satellite-
based products, composite databases like SPlbase shaye ;Beg'ved less attention, and no dedicated
assessment has been conducted for southeastern Irafiy, This'study aims,to investigate the correlation and
agreement between station-based SPI and griddedySPIbase at multiple time scales (1, 3, 6, 9, and 12
months) to ensure reliable substitution in southeastem Iran.

Methods and Materials

Southeastern Iran, covering 435,767 km? (26:44% of Iran), extends from 55°E to the eastern
international border and,from 32°N to'the Petsian Gulfand Gulf of Oman coastlines. The region includes
large depression§isuchas the Lut Desert'and Jazmurian Basin, central highlands like Hazar and Lalezar,
and eastern highlands, such as Taftan and Bazman. It exhibits the highest topographical and climatic
diversity in Irang including hyper-arid stations like Bam, Zabol, and Zahedan.

Two dataitypes were used.\First, monthly precipitation totals from 8 meteorological stations (Bam,
Bandar Abbas, Chabahary, Zabol, Saravan, Iranshahr, Kerman, and Zahedan) for 19862024 were
obtained from the Iran Meteorological Organization. Second, gridded SPIbase data (gpcc-spi-gamma)
derived fromyGPCC précipitation data were extracted from the NOAA/NCEI database at 1° spatial
resolution and multiple time scales. Gridded SPI values at each station were calculated using inverse
distance weighting, with minimum and maximum contributing cells set at 4 and 8. Topographic criteria
excluded cells with elevation differences exceeding 500 m, prioritized similar elevations in mountainous
areas, and limited the radius in flat areas to prevent excessive smoothing.

The SPI was caleulated for each station at 1, 3, 6,9, and 12-month scales by fitting a gamma distribution
to cumulative precipitation series and transforming cumulative probabilities to a standard normal
distribution. Pearson's linear correlation coefficient was used to quantify the strength and direction of
the relationship between station-based and gridded SPI. Weighted Cohen's Kappa assessed agreement
after converting continuous SPI values into 8 ordinal drought categories, assigning different weights to
different degrees of disagreement. Bland-Altman plots evaluated agreement and identified systematic
differences by plotting differences against means and calculating limits of agreement (£1.96 x SD). All
analyses were performed in MATLAB.

Results and Discussion

At the 1-month scale, correlations ranged from 0.49 (Bam) to 0.72 (Kerman and Zabol), with Kappa
values from 0.34 (Chabahar) to 0.70 (Bandar Abbas). Bland-Altman ranges were relatively wide,
particularly for Bam. Hyper-arid stations showed moderate agreement, while others showed fair to
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moderate agreement. At the 3-month scale, correlations improved from 0.64 (Zabol) to 0.84 (Chabahar),
with Kappa values from 0.43 (Zabol) to 0.78 (Kerman). Coastal stations showed the highest correlations,
while Bam and Zabol remained lower. Aggregation over 3 months reduced short-term variability and
better captured drought signals. At the 6-month scale, correlations further improved from 0.72 (Bam) to
0.89 (Chabahar), with Kappa values from 0.49 (Bam) to 0.79 (Kerman). Bland-Altman ranges narrowed,
indicating improved agreement. At the 9-month scale, correlations ranged from 0.75 (Bam) to 0.91
(Kerman, Bandar Abbas, and Chabahar), with Kappa values from 0.50 (Bam) to 0.83 (Kerman).
Zahedan showed a correlation of 0.91 and Kappa of 0.79, while Saravan showed 0.85 and 0.73. At the
12-month scale, correlations ranged from 0.76 (Bam) to 0.94 (Bandar Abbas), with Kappa values from
0.53 (Bam) to 0.86 (Kerman). Bland-Altman ranges were narrowest, indicating the best agreement.
Kerman showed the highest Kappa (0.86), while its correlation coefficient was0.91. Overall, correlation
and agreement systematically increased from shorter to longer time scales, consistent with the SPI's
nature, as longer accumulation periods integrate precipitation anomalies and reducemoise. Hyper-arid
stations consistently showed lower correlations and agreement, particularly at shott time scales,
attributed to extreme climatic conditions including very low _annual precipitatiofty, high temporal
variability, and irregular rainfall regimes. Weighted Kappa values indicatedysubstantial to moderate
agreement at longer scales, with Kerman showing the highest agreement. BlandsAltman limits narrowed
progressively, indicating better reproduction of station-based SPI atlonger accumulation periods, with
small mean differences suggesting no systematic bias.

Conclusion \

This study assessed the reliability of gridded SPIbase for drought monitoring in southeastern Iran by
comparing it with station-based SPI at multiple time scales over 1986—2024. Strong correlations and
substantial agreement were found across mostistations, partieularly at longer time scales (6, 9, and 12
months), where correlation coefficients exceeded 0:78, and*Kappa values indicated moderate to
substantial agreement. Reliability improved progressively ftom shortefito longer time scales, indicating
that the gridded dataset is more suitable for long-term drought monitoring. However, at short time scales
(1 and 3 months), and particularly in hyper-arid stations such as Bam and Zabol, agreement was
moderate, and substitution requires caution and supplementary evaluation due to extreme climatic
conditions, very low rainfall, high temperal variability, and irregular precipitation regimes. As a key
conclusion, gridded \SPIbase can serve as a suitable and reliable substitute for station-based data for
long-term drought monitering (6, 9, andyl 2 months) across most stations in southeastern Iran. Given its
broad spatial coverage and high temporal and spatial resolution, this global database can provide
valuable data fomdrought monitoring in data-sparse regions. The findings are not universally applicable
and depend on time scale'and station location. For short-term monitoring in hyper-arid stations, SPIbase
should be used withteaution'and supplementary evaluations. This study did not quantify the inherent
uncertainty of gridded datasarising from integration of station data, numerical models, remote sensing,
interpolation, and,probability distribution fitting. Future research should address uncertainty analysis,
confidence intervals, and the quantitative contribution of data quality factors to observed differences.

Keywords: Sthardized Precipitation Index, Weighted Cohen's Kappa, Drought, Pearson's linear
correlation, Bland-Altman plots.
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Table 1. Climatic and altitude characteristics of the studied meteorological stations
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Table 2. Probability distrihution of SPI and drought classification
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Table 3. Interpretation of Pearson Correlation Coefficient values
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Table 4. Interpretation Cohen’s weighted kappa

LLS ol 8ol o
Kappa value Igve%(aggreement

S L

k<0
Less than chance agreement
J .‘ “" .
0 < K <0.20 e
Slight agreement
. .." .-
0.20.< K < 0.40 e ST
Fair agreement
‘Ea.d . ..“ .
0.40 < ¢ 0.60 o S5
Moderate agreement
lJ . ..“ .
0.60 < 1£/<0.80 ks
Substantial agreement
o.sN <1.00 o L Bl
Near perfect agreement
. S il
\ Perfect aggreement

99 Anlio jlath an (SCEIS g ST g e ol 5 glis b DS Jlages plaie bl 5l A el - wily Jloges
S92 )lade Tl Dol logad (nl o035 o pal B la g, Gl B35l )90 50 (i g 03 (S ojl]
Joges ol (Bland and Altman, 1986) 593 o o3ls yilas X j9xe (59, » b ladeci> Hles Kl ply 0 Y 90
Ooge 4y oo 6ol 93 e By Glime daglds Jlas Blyal 5 (2 Klos drlone b g WS (oo (s | BBl 290>
adg ol (Watson and Petrie, 2010) oS’ oo oS o o9, (rm (38lg5 diald S y0 a4 aS g0 105 oo Lo g00e
il pj b 4 1aSd 5 (Bl (5L saso ailinl a3la b e 5 4y 9 (3ol b el - adly Joges
(505050 o sl (58 eilail 9o o OS] dwle (V)
di=X;—-Y; 0]

o0 Jailiwl Lasld cud 5 4 aS siib o I gadge (gl il g, 90 5l Jmol> slas mSosladl Yy 9 X )] 0 a8



A laSil 5 sl 5L
19090 0 Slp xSojlul 55 o (ke auloe (V)

M; == )
X yge 59, (My = (X; 4+ Y))/2) 5l s 15 9 jomme 53, (d; = X; — Y}) LSS gy (V)
sl b B (Sl alons ()

d=—¥m,d; )
Lo e ool deslna (B)

1 =\ 2
Sd = \/Ezz‘;l(dl - d) QRD!
@ osgazme oyl e 3l oo d = (1.96 X Sy) plp 38155 5 Sl aga> 9 d + (1.96,X sd}\{ﬁ &y 5l YL
..\45....:69 o ) u.o.o-ﬂ = ..\...L‘ )|05.<>3 ) Gaj‘ bg.la? S y90
T 3 (?w
‘Sw l).uo @b))‘ (_g‘).v u.o...”—..\...l.‘ ‘Owj)‘ou)a w;&bgwﬁsuwﬁ Mw]@)lm d......:l.‘xa

- AJ) ‘»)9.4).’ 9 (Y Jiw) M ‘J.»a df?"a" L5>5)'> )‘ 6‘4.:}4;\&.“‘ ) 09)3] ‘ssLo) Lgl.@wla.o.a &_i&m aQ b
RO ox\asl,l 3le I g5 oS! G (sl (¥ US) (peid]

SPI01 vs SPIbase01 SPI03 vs SPIbase03 SPI06 vs SPIbase06 SPI09 vs SPIbase09 SPI12 vs SPibase12
. r=0.72 . r=082 N r=0.87 . r=091 s =091
oo 0
3 ) . .. » | . 2
2 1t 1}
1
- © 2
2?1 ? 0 20
8 [ 8 H
2 2 2
zo z z -1
" n n
4t
El -2} 2
2 2 3 3
3 3 -4 4 3
4 [ 2 -4 2 0 2 4 2 0 2 4 2 0 2 -4 2 0 4
SPI01 SPI03 SPI06 SPI09 SPI12

Lob,S) digoi eﬁ;ﬁ) Glizeo Sl s wlie o SPIbase g SPI u (Ktwod o pd i ¥ i
Kig)2. The correlatibw)e cient value between SPI and SPIbase at different time scales at the sample

station (Kerman).



SPI01 vs SPlbase01 SPI03 vs SP‘base03

2 2
_________________________ =1. ° (]
° Upper=184:  CIL LA e, g Upper =1.27
@ @
-] ias = 0.33 n ias = 0.12
1 3 D s = 0.
3 (TSI veos ®e %~ ¢ ®- tower=-098 g b---- - -‘~:.—-—Lewer=-1.04
i . ° & ° L]
s -2 @ -2
Q 3 °
] "
°
& L L
-2 1 0 1 2 3
[spei+speibase]/2
2. SPI06 vs SPIbase06
S Ui =1.06
@ ‘ . pper = 1. @
So Y ias = 0.07 s
[ § PO o {ower=-092 &
@ L] L] L) (] ° 7]
o L -
@ -2+ [}
-3 Q
n [
-4 i ® .
-4 -3 -2 -1 0 1 2 3 -4 -3 -2 -1 0 1 2 3
[spei+speibase]/2 [spei+speibase]/2
2 SPI12 vs SPlbase12
@
0
3 -8 - Upper = 0.91
‘@
Q
8 ] —Bias = 0.10
@
Q
]

i 2 3
[speit+speibase]/2

(oloyS) dges ol 1o Bl Sloj by wlio 55 SPTbase PSPT s (ot — il sl log0i ¥ S

Fig 3. Bland-Altman plots between SPI and SPIbase at corresponding time scales in the sample station
(Kerman) ’\

L olo,S owbidlen olfusl anil o ol sonldl £4i5 5 3,568 %Ua o AG s we o dlllas 550 sloolSi!
g a2 53 VEIOD sloo (S0l o o VYN T AWl (B0L . SSla' s gammo 9 L )0 o 51 26 YVOF sg0 gl )|
23l O g (S (Ko Of5ee ABL o anlllae 5590 GBS (s 3 ol (2250 1 5 (0 T 10 Slye 4

9 5P (Nwod 03505 ;0 Sloj Bl yulta 2eles BBl fpl o (glaiil 5 B!l )L e o lastin) el
5 Pnl 5L eads Splilinl aslh S Siiten lie Ogd co Saily Sy sl wliae ax e 0 ls 13 698 Ly

o) Sl sl plide (olillge JlSis (Sl (aale ) obisS Sloj slauliiie adly jo ailige Gl slasid
bl arls polistuiiianSofelgyone JLSis (Sl (4ol VY) gails slowlieo 5 55,5leS JSis Sl (aols
5 Sl gl g lfedds o Iliul all JlSis coands ol o Bl Ol @l Gln S 0000
slaglie ;> 5 b gl GliSkanle S liie po GleyS ol 3 (T ke 0ys I ) 2 il o lo e
(glad) pacd | il gla logis Lasgs GJ @S Geizen ol 1,8 (oS l*')-"-’) oL sl Gl aiels o amle S 5l SYL
oS wlons SIS Lt Gl Ll 5 o5 555l g 5 ol b 4 blis dla fogas ded 15 |y el ot sl
3 P9 38 I osg0ome aiily oo ol (nl po (JLSiS Cundg (e 0 aPLE 93 G 055 B9l slalas
Lt o Ml S S s e 13 bl e Sl S g 4l Sy S g Sl sl elide ol

5)5 352y olSi] ol IS il o (slaSd g Syl 5l sad o Jalin] asls

Olp! By Gz o anle SO SPIbase g SPI vy 38y 9 Salon élbgs.ojT s b Jous
Table 5. Summary of correlation and agreement tests between SPI and SPIbase at the 1-month scale over
southeastern Iran.

Station Kappa (k*)  Perarson (r**) Bland-Altman (Range)
ol LE o o O 3 2 ool - iy azals
Kerman 0.65 0.72 Upper=+1.64 , Lower=-0.98
Bam 0.43 0.49 Upper=+2.18 , Lower=-1.16
Bandar Abbas 0.70 0.65 Upper=+1.78 , Lower=-0.99

Chabahar 0.34 0.55 Upper=+1.99 , Lower=-0.97



Iranshahr 0.61 0.67 Upper=+1.53 , Lower=-1.02

Zahedan 0.55 0.67 Upper=+2.00 , Lower=-1.40
Zabol 0.43 0.72 Upper=+1.24 , Lower=-0.96
Saravan 0.62 0.65 Upper=+1.72 , Lower=-1.21
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Table 6. Summary of correlation and agreement tests between SPI and SPIbase at the 3-month scale over
southeastern Iran.

Station Kappa (k*) | Perarson (™) Bland-Altman (Range)
Nivemy L. o g ) ol el = sl asals

Kerman 0.78 0.82 Upper=+1.27 , Lower= -1.04
Bam 0.47 0.67 Upper=+1.62 , Lower= -1.22
Bandar Abbas 0.70 0.80 Upper=+1.40 , Lower= -1.08
Chabahar 0.74 0.84 Upper=+1.39 , Lower=-0.96
Iranshahr 0.64 0.78 Upper=+1.33 , Lower=-1.19
Zahedan 0.68 0.82 Upper=+1.18 , Lower= -0.95
Zabol 0.43 0.64 Upper=+1.24 , Lower=-1.09
Saravan 0.66 0.77 Upper=+1.47 , Lower=-1.30

YYY g V2T a¥le (5,0 ggamme cin A g VA el I L s 5 & Glpls g (b jai) dsdllas 850 ddlaie Jole slaolSi]
lorn 3 05 el eilae (sloclSi] (0 SIS | sk €, YFIOY 5 TVVP ¥l slos (il 5 fn oo
oolo (o Lol (pl o slaslis ¢ i) (5L oads o laslin) jazld polie o (Scod (i Mgl co adtice
ol osdle 315 B 558 ey 5 5B azels 5o anle Sy 51 VL sln oliie 3 5 (558 B (Srad azels 3 anle
Abse Gl 55 (VY 58 F) § Yok Slej slaulie 4 (aale¥'g V) Do olisS Siloj (slowliio | (Stuan (]300
5 ool i Lol jo glaSeds 5 ol (5)L ool o jlailinl (sl bawg (JLSid Condy ol 5o 319 (e

2 Ol @B A 5 oy el = aily Jloged 5 o059 255 LI (sl g Gloj slambiie ooled y0 55 el



385 arals o Jleals oS! jo aale G Sy Lelidie 4o o 159 285 LIS oylel polie .l oo 05,51 A B O Jglax
295 LIS o Lol Jlade aale <G 5l SYL sl wlitia plo lp g o,lo 18 0l 38lg5 asals jo Lwlie ;o0 olKtws] 1o g lawgio
Syl 413 ok 5 38ler anals yo olKius! g0 2 0

Oyl Gy Cgiz 3 anlo s SPIbase g SPI (o 39155 5 Sidlod sboygo)l aods .Y Jguo

Table 7. Summary of correlation and agreement tests between SPI and SPIbase at the 6-month scale over
southeastern Iran.

Station Kappa (,*)  Perarson (") Bland-Altman (Range)
s LS e OF e 22 ool - aily asels

Kerman 0.79 0.78 Upper=+1.06" Lower=-0.92
Bam 0.49 0.72 Upper=+1.39 , Lower= -1.34
Bandar Abbas 0.72 0.85 Upper=+1.26 , Lower=x1.04
Chabahar 0.76 0.89 Upper=+1.10, Lowers -1:00
Iranshahr 0.68 0.82 Upper=+1.21 , Lower="=1.15
Zahedan 0.70 0.78 Upper=41.04 ,"Lower=-0.90
Zabol 0.68 0.83 Upper=+1.204 Bower= -1.90
Saravan 0.69 0.81 Upper=+1.32, Lower=-1.31
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Table 8. Summary of correlation and agreement tests between SPI and SPIbase at the 9-month scale over
southeastern Iran.

Station Kappa (k*)  Perarson (r**) Bland-Altman (Range)
o LS e OF e 22 ool - aily asels

Kerman 0.83 0.91 Upper=+0.92 , Lower=-0.74
Bam 0.50 0.75 Upper=+1.34 , Lower= -1.33
Bandar Abbas 0.81 0.91 Upper=+1.06 , Lower=-0.80
Chabahar 0.80 0.91 Upper=+0.98 , Lower= -0.98
Iranshahr 0.76 0.88 Upper=+0.96 , Lower=-0.97
Zahedan 0.79 0.91 Upper=+0.91\, Lower= -0.75
Zabol 0.74 0.85 Upper=+1.18 , Lower= -0.87
Saravan 0.73 0.84 Upper=+1.17 , Lower=)=1.22
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Table 9. Summary, of correlation and agreement tests between SPI and SPIbase at the 12-month scale over
southeastern Iran.

Station Kappa (k™)) Perarson (") Bland-Altman (Range)
o S| LS o U5 22 ool - aily assls
Kerman 0:86 0.91 Upper=+1.64 , Lower=-0.98
Bam \ 0.53 0.76 Upper=+2.18 , Lower=-1.16
Bandar Abbas 0.84 0.94 Upper=+1.78 , Lower=-0.99
Chabahar 0.81 0.91 Upper=+1.99 , Lower=-0.97
Iranshahr 0.81 0.91 Upper=+1.53 , Lower=-1.02
Zahedan 0.80 0.92 Upper=+2.00 , Lower=-1.40
Zabol 0.76 0.85 Upper=+1.24 , Lower=-0.96
Saravan 0.72 0.85 Upper=+1.72 , Lower=-1.21
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  𝜅 < 0


  0 ≤ 𝜅 < 0 . 20


  0 . 20 ≤ 𝜅 < 0 . 40


  0 . 40 ≤ 𝜅 < 0 . 60


  0 . 60 ≤ 𝜅 < 0 . 80


  0 . 80 ≤ 𝜅 < 1 . 00
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  x


  x


  y


    d  i =   X  i −   Y  i


    X  i


    Y  i


  i


      M -  i =     X  i −   Y  i 2


    d  i =   X  i −   Y  i


  y


      M -  i = (   X  i +   Y  i ) / 2
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    d - =  1  n   ∑  i = 1  n    d  i


    S  d =   1  n − 1   ∑  i = 1  n     (   d  i −   d - ) 2


  ± 1 . 96


    d - + ( 1 . 96   ×   S  d )


    d - − ( 1 . 96   ×   S  d )
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    𝒓  ∗ ∗


    𝜿 ∗
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    𝜿 ∗
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