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Background and Obijectives: Meteorological drought, a critical
challenge in semi-arid regions, profoundly impacts agriculture, water
resources, and ecosystems in Semnan Province, Iran. The Damghan
region, a vital agricultural area, is highly wvulnerable to climatic
fluctuations due to its arid climate and reliance on seasonal precipitation.
Understanding temporal and spatial drought patterns is essential for
effective water management and enhancing agricultural resilience. This
study aims to analyze meteorological drought in the Damghan region
using Standardized Precipitation Index (SPI) over a 30-year period.
Selected for its simplicity and flexibility across the time scales, SPI
enables assessment of drought severity and frequency. Monthly
precipitation data from three meteorological stations, representing
distinct regions (rain-fed agriculture, transitional, and ecologically
sensitive arid zones), were analyzed to evaluate drought patterns at short-
term (1- and 3-month), medium-term (6- and 12-month), and long-term
(24- and 48-month) scales, providing a framework for drought
monitoring and sustainable water policy.

Materials and Methods: Monthly precipitation data from three
meteorological stations in the Damghan region, which reflect diverse
land uses and microclimates, were collected from 1990 to 2020. Data
quality was ensured through statistical tests, including normality
(Shapiro-Wilk), homogeneity (Pettitt), and outlier detection (IQR
method), with anomalies corrected via interpolation. The SPI was
calculated at 1-, 3-, 6-, 12-, and 24-month scales using a gamma
distribution fitted via maximum likelihood estimation, followed by
transformation to a standard normal distribution to identify dry (SPI < -1)
and wet (SPI > 1) periods. Analyses were conducted using R software to
ensure computational accuracy. Spatial variability was assessed by
comparing station results based on regional characteristics (topography,
land use).

Results and Discussion: SPI analysis revealed significant variability in
drought patterns across the three stations, driven by microclimatic and
land-use differences. The Damghan station, in a rain-fed agricultural
area, exhibited frequent short-term droughts in late winter and spring,
coinciding with critical planting phases for crops like wheat and barley,
likely reducing yields and disrupting farming schedules. The
Fooladmahale station, in a transitional zone, recorded autumn and winter
droughts, decreasing soil moisture for cereals and pulses, and increasing
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irrigation needs. The Chahardeh-Damghan station, in a drier, ecologically
fragile area, experienced spring and early summer droughts, leading to
reduced vegetation cover, increased soil erosion, and land degradation.
At medium-term scales (6 and 12 months), all stations showed persistent
dry periods, straining surface and groundwater resources and challenging
irrigated agriculture and rural water supply. Long-term (24-month)
droughts, though less frequent, were severe, threatening groundwater-
dependent ecosystems. The limited number of stations reduced spatial
resolution, while the focus on precipitation excluded factors like
temperature and evapotranspiration, limiting comprehensive drought
analysis. Future studies should incorporate satellite data (e.g., TRMM,
GPM), complementary indices like SPEI, and hydrological models (e.g.,
SWAT, CMIP6). Practical measures, such as farmer training, drip
irrigation, and rainwater harvesting, are recommended.

Conclusion: Multi-scale SPI analysis confirmed Damghan's high
vulnerability to meteorological droughts, with distinct impacts on
agricultural, transitional, and arid zones, underscoring the need for
region-specific water management. Advanced monitoring, integrated
modeling, and climate adaptation strategies are crucial for sustaining
water resources and agriculture. This study offers a framework for local
policy-making.

Cite this article: Khosravi, M. and Poodineh, S. (2025). Trend analysis of meteorological drought using SPI in
Damghan region. Climate and Ecosystem of Arid and Semi-arid Regions, 2(2), 1-17.
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Fig. 1 Geographical location of the Damghan region in Semnan and Iran

ok osliiul glaesls .Y-Y
Sl St S Sl S Sl Gl el slaesls aspeme il Olkals ailan 53 bt JLSEs [l
Gk S (T B8 was aw Sles o3l 5o wiliss E0L glaesls ol Sl Dl Sastans adkne 5> Sk
ssba & wliiles laslKan) 5l gl 3l Wesls opl bileds] s 40 (IRIMO) 01 1 bl ga Ol b (5, Kan
g% Sl 5l e SIS S5 b s (sl mer e S 515 Olials adlate Gl 5 5 ls s S
Sl 8 st ol Lassls a3 5158 5o Sl 5 e GV Sl aile ol bolSany ] Ol 555 sl ailans
Slael Sl oliabl gl (Y14 O as 5 Bazrafshan) el 655,56 SPI jaxls 5l eslanal L JLSis 535 Lo
(QR) &y slawsls slulis 5 (Comg) Kan (Shigm s mld) 035 Jlag sy Jold Ol sladgesl Sl caesls
Gl 53 oS losls LSS 5 Wng (1880 =YeYe) LT Lo ¥ goss shls o laelKagl L s eslizu
$San 5 035 Jlo i s e pled i POl L0 JEas b GEL sleesls Bl 5 aiad eslinal (s 5,5
aalous e SA 5 TE AT 0O Sl slaelie 53 SP asli e i 2l R 1531 o5 o LT =5kl 5 Laesl
23l fods s pladcns S o Sl esliad b LK o550 25, ‘&)L.’ Glaosls ez fold alows Aol 5 0
() > SPI) it (slao s bl Ol s ol kb sl R 153105 51 oslizal oS 55 3500kl Jla s 555 @
(PS5 Glilaie sl S5 a a5 b bellan) mls (G ms5 2l le S el 1, (W <SPD b e



e 5 (Sg i ot Olials aiaie 53 SPI Lastls 3l aslinl b wlidlpa JLSit digy s




O Kas 5 (65 s o Olals adaie 55 SPI a2 Li leslinad U ubislen JLslas Wy, oo

bl S, Y-V

Sl a5 w8y sl S ol pslme SlaelKansl slassls 4 sbaal rasy cal 3 sdd eslinal Ldsss Lis
Glaas Q80 =Y Y0 Laosls cpl b ¥ Slos o 28 58 W5 s Slag (g SO U 2 oalinal 301 (slaesls
Sl sleel 5 JLsix gl S SLsol slp 68 e 8 @l b ool glessdir 5 bdle o clleg o gl 2 S6
Sl b s esls 3l L a3 b 5oL slaesls cdas al e 53l 3Y Gle $A 5 YE Y 00 il
5 A5 plnil SPI sy Sl il s (0447 Oea 5 MeKee) il S5 SP1 jastls Sl
A el b Ol adaie 53 JLSlis Sl g g Ode (ol e gl slaly s as gae

bl oKyl £-Y

SlaslKasl 5l e (glas o Sl 4S (A2 et 2ok sbsesls 5l eslizal b Olsls addate 53 sl pe JLSix |
b ol 53 SOzl O i bol&aal ) L L;)j@}. 0358 lilon Olosle ol Cos wlidlge
S eSSk, Sistaas slawals b Lot glacds 51 aS | adbeve adlil g ste LaOLSLS b diledd s Slallas
G oa S oy LOT Gde Vb Slles il bl 5 bolSansl Ol as iy oa (Llasl 5 zuS
oSl o (V)4 (OLSes 5 Bazrafshan) s, sl 3 ass di 53 (SWob Sl s Low (5l 655 glosls ae o
SIS 5 oS = Sk sla S g5 5 il wilate ol — ol Cilime bl odiyled oS sl ol Sl gl S
G3daze sl Sl L Olaels Sistansd olil 55 Lol L;,j@? LS o Saie 1y el S50 O e @ iz 5 s
ol b ablie gl (Y YT O San 5 Zarei) 5 ol jon o3lily s bl 55 osls 35S 5 Ciew olpas] Ll alex
s Bl andlae cpl 55 bl 4ty G 5 slazel LB slaosls &of 51 laile & laelSany! s o Hls
e A 5 YE Y A X Sl glaesl 5o SPI Lastls avlows gl Jol= sloosls 45 5 5 el s olsesl ) b
Sl Sllas il s JLSix S 5 Sl ol ool Sl i belKanl opl glaesls il ol
Slao s sds 3 el (pl &S LS e el 3 Olasls adae 5 ) SLSis date >l plabs Ol 5 das e
e GlaelSiml Caxdge ) K2 53 3ls GAAS RE Ol Ol (5355LES el (sl ST mlie S e et

el sl osly ioled Slallas addeie

SPI u.a.&LJ» 4.:..»\:;» .0-Y

53 01 all5 5 (Sl s o8 ol olidlpn JLSist 2l ol eddat pd s by byl 51 (K SPI e
Sl SPI el slandlas cpl 53 ol a8 5 513 ax & 5550 Sl cctlizes Jloj slaosl 5o S5L s 5eS b3
ol ColB VU 6 pduoilanl sa atld ) el el eslizal Oliels dilae 43 JLSis gl S5y o
3 kiS5 Ol e paal sl oS 3l L (Wle dim) Stecly B (Slals Slie) tesls 8 ISt sla S

044y OLKa s MceKee) 5 )ls (ool 5 Cueal Sistans bl
Slanslie Ol G 358 0 ST Sl laesls gilusylliad L (SPI) (oL edd sylbilid (asld avsloes Ayl b
il Jly slaesl gl b dliss baesls danl s ol b adllae 03 gde 5> o8l il sble Ol (e
ool slaas o oS VL 5 Jad Gl g b s auls e S po aale EA 5 YE VY O el
o5 3 el Jle s mis S ar rend slaesls bdS (Sl o Ls e3ls SU5L e 08 ST el
gl 55 Jab ool L, iledde 53 Ul s 4 Joa) onl b 4 5 o p bl Slis b, L LI
s Barker) s,ls 1y Cogb e sl b Sl slaegss G plail bl 5 el st Ol Slistaay 5 S

A



O Kas 5 (65 s o Olals adaie 55 SPI a2 Li leslinad U ubislen JLslas Wy, oo

S (Sosbas thias o 0L ) el Sl 51 S5L Gl 0l SPL 31 Lol slie culg 5o (Y01 0ln
sl Ll Jlae wlol 5 cppmmen dzes JLSis Ll 5 etanolis iw polie 5 Oogb e Ll 5 Sl cde ol
sl edS WLIY Jadr 3 &S el gduaib sl cis  JLSUE Sl ((084T) LG McKee L.
Slallas 13 g ol S (§ RS 5 233 B el o el R laslsdle 5 5l eslizd U SPI asls Sl
5 Sax ble o JLSiasr cud s obyode Gl ol plubis Ol 5 Ko, ol &S sl 0lis (Y414) Zarei
el 0l ISP slis pelad o a5l gdoaids ) Jsd> 53 .S e PNFEPRECEIN
SPI pasls pslis ulul  oldl gyt N Jgor
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Fig. 2 Research flowchart
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