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ARTICLE INFO. ABSTRACT

Drought, asa dynamic, multiscalar,and propagatingphenomenon, typically
initiatesas meteorological drought in arid and semi-arid regions and, after a
Research Paper distincttime lag, evolvesinto hydrological drought. However, many previous
studies have examined this relationship synchronously, without fully
elucidatingthe role of temporallag. This study aimsto analyze thetemporal

Avrticle type:

Article history pattern and propagation of drought in the Damghan region, with particular
Received: 16 February 2026 emphasis on identifying the delayed response of the hydrological system to

precipitation deficits. To this end, the reconnaissance drought index (RDI)
Revised: 04 April 2026 was calculated at 1-, 3-, 6-, 12-, and 24-month timescales, while the
Accepted: 18 April 2025 streamflow drought index (SDI) was derived from surface runoff data.

Lagged correlation analysis wasemployed to investigate the temporal linkage
between meteorologicaland hydrologicaldroughts,and drought trends were
assessed using the non-parametric Mann—-Kendall test and Sen’s slope
estimator. The results indicate that the strongest correlation between
meteorological and hydrological drought occurs at a three-month lag (r =
0.71, p < 0.001), highlighting the presence of hydrological memory and a
delayed streamflow response to reduced precipitation. Moreover, SDI
exhibited greater variability than RDI at short-term timescales, whereas a
more persistent pattern of hydrological drought emerged at longer timescales.
By explicitly focusing on lag-time analysis, this study provides, for the first
time, a quantitative framework for explaining the propagation of
meteorological drought into hydrological drought in the Damghan region.
The findingsaddressa critical gap in studies relying on synchronousdrought
analysis and offer a scientific basis for effective drought monitoring and
sustainable water resources management in semi-arid regions.
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EXTENDED ABSTRACT

Introduction: Drought is a gradual, multi-stage phenomenon in the hydrological cycle, beginning with
precipitation deficits and, after a certain time lag, leading to reductions in surface runoff and groundwater
resources. Despite the importance of this temporal lag, many studies have examined the relationship between
meteorologicaland hydrological droughts without considering system response delays. Drought monitoring using
standard indicators is a tool for sustainable water resource management and adaptation to climate change. The
reconnaissance drought index (RDI) has a special place in drought studies due to its quantitative calculation,
comparability in different assessments, and use of long-term data. The RDI enables multi-scale drought analysis by
allowing it to be used in different periods of short-term droughts (RDI-3 — RDI-1), medium-term droughts (RDI-6),
and long-term droughts (RDI-12 — RDI-24). Another standard indicator for assessing water scarcity in various
studiesis the stream drought index (SDI). Recent studies show that the intensity and timing of drought transitions
are strongly dependent on climatic characteristics, watershed physical conditions, water storage capacity, and
timing of the indices. In particular, hydrological systems typically respond with a time lag of several months,
reflecting the role of cumulative storage such asinfiltration, soil, and recharge aquifers. This study aims to quantify
the time lag in drought propagation from meteorologicalto hydrological systemsin the Damghan Watershedandto
identify the dominant response delay of river flow to precipitation deficits.

Methodology: The Damghan Watershed, covering approximately 13,000 km?, is located in a semi-arid climate,
with annual rainfall ranging from 160 to 446 mm and elevations between 1281 and 3744 m. The climatic,
hydrological, and geological characteristics have made Damghan Watershed a suitable example for analyzing
the multiscale behavior of meteorological and hydrological droughts and examining the response of
groundwater systems to climate change. Monthly precipitation and streamflow data from 1990 to 2020 were
analyzed,and data quality was controlled using statistical tests (Grubbs test at 95% confidence). Meteorological
drought was assessed using the RDI, while hydrological drought was evaluated using the SDI at 1-, 3-, 6-, 12-,
and 24-month timescales. Standardized RDI and SDI series were calculated for multiple timescales to capture
temporal variations in drought conditions. Pearson correlation analysis was applied to evaluate the relationship
between meteorological and hydrological droughts, and lagged correlation analysis was performed to identify
the dominant response delay of river flow to precipitation deficits. Long-term trends and changes in drought
severity were assessed using the Mann-Kendall test and Sen’s slope estimator, while aggregation of indices over
different timescales (1-24 months) was conducted to examine the effect of temporal scale on drought
propagation and the cumulative behaviorof the system.

Results and Discussion: Pearson correlation analysis between standardized RDI and SDI for 2008-2018 (120
months) showed a moderate concurrent correlation (Lag 0, r = 0.48 at the 3-month scale), while lagged
correlation peaked at a three-month delay (r =0.71, p <0.001), indicating a three-month hydrological memory
in the system. Short-term scales (1-3 months) exhibited high variability in SDI (+2.1 to —2.4) and RDI (+1.8 to
—2.0), whereas long-term scales (12—-24 months) were more stable, with severe droughts (SDI <—1.5) persisting
longer. Mann-Kendall and Sen’s slope analyses revealed a significant decline in wet conditions and an
increasing frequency of moderate to severe droughts at the 24-month scale. Scale analysis further showed that
correlation generally increased with aggregation period, but the three-month lag consistently displayed the
highest correlation, highlighting its key role in water stress propagation. These results indicate that the Damghan
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Watershed requires approximately three monthsto convert a meteorological drought signal into reduced surface
runoff, a lag influenced by soil moisture storage, infiltration, aquifer recharge, and the region’s geological
structure. Overall, the findings suggest that drought is not an instantaneous event but a cumulative, time-
dependent process, with maximum intensity transfer at medium -term scales, and understanding this delay can
enhance early warning systems aswell as guide water resource planning and reservoir management.

Conclusion: By integrating multi-scale drought index analysis with lagged correlation assessment, this study
provides a quantitative framework to understand the temporal propagation of drought. The identification of a
dominant three-month response delay highlights the watershed’s hydrological memory and can improve river
flow forecasting, supporting climate-adaptive water management policies in semi-arid regions. Despite the
significant results, it should be noted that the hydrological drought analysis in this study was based on data from
a single hydrometric station; therefore, the findings related to SDI are not representative of the behavior of the
entire Damghan Watershed and their generalization to the entire region should be done with caution. However,
the analytical framework presented in this study, especially the use of time-lag correlation analysis, has the
potential to be applied to other watersheds and similar studies. Overall, this study, focusing on time-lag analysis,
provides a quantitative framework for explaining the transition from meteorological drought to hydrological
drought, which can help improve drought monitoring, better understand the response of hydrological systems,
and support decision-making in water resources management in semi-arid regions. It is suggested that future
research, by utilizing data from multiple hydrometric stations and conducting spatial analyses, will enhance the
generalizability of the results and provide a more comprehensive picture of hydrological drought behavioratthe
basin level.
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2 data were provided by the Iran Water Resources Management Company (IWRMC)
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ly Gy poed g iyl Jleinl @igi U sl (Jlo Yo J8las) cosenily Jloj sba g tiojls Yoomo (awlidlep Jlslis cldles
&' Jb ,>(Zarch et al,, 2011; WMO and GWP, 2016) 1S’ ol |y caedily o8l cllog g aimd (ijlp pine joboay
sl 3, Slas 55 (Jo Y0—Ye) yobisS Sloj (glagywyd SDI 31 aslawl ooy ol cladles (Sglgyan Jusas obsyls
(Jeong et al., 2024; de Medeiros et al., 2025) .l 8 poio 2o (xlow by Clpodiy (adls ) Olabo 1) sl
((Jlo ¥3) Vo= ol )90 (oliilen (slaodly a4l ) RDI 1o JLuSiis wlidosis Jubs (gl caddllon (ol 53 cgycpl
S dlox 5l glaunlio glo Jubo plos . ab odlaiwl ((Jlo YY) YoVA=Y oA 0)90 ;3 b by (slaosly 4l ) SDI 5l 4
) 295 e gl (6 ppnlin B 0,5 pbl (YOASY ) S e libgren 090 (sl p Tpaoein o glej iy b g Jyoms

ol 0did 03l Ui (Vo A=Y+ +A) cabises (slaoyed ;0 SDI Sloj sl

(RDI) JUSis gl as b
&Sl 03l i Sldllas 39 0 pbuil RDISPEL SPI uile (gaxie slajadlis jl oslawl b awlidler  Jlusis obj)
ttn ulidln JLSIS G5l 3 g laasls S RDI 5 (SPEI) Juuslty 3y ool oad 3l (sloasls
Vicente-Serrano et ) xS’ o duwbro (PET) 3 Juwibs 5,0 e Tjo,5 sl ¢ ' culy coyg (slaydg, 51 edlitwl b SPEI asls
ol Slallas .S o odlitl sty 5 ym3 s duwbre slp Tl cutle el 3 5| RDI adls o8 Jis ,s o(al, 2010
By o Glysd & (65 i Cumlue $B —Cuile — raly ooy 5l oolawl Juds & RDI es bl Sisdes sblio ;o & wlodl
Tsakiris ‘Ortiz-Gomez et al., 2022 Zareiet al., 2021) col azily wlislon JWSis 35510 13 1) (o 5YL cds g odly lis

1 Thornthwaite

2 Hargreaves

3 Potential Evapotranspiration (PET)
4 Penman—Monteith-FAO


https://dor.isc.ac/dor/20.1001.1.24235970.1405.14.1.2.9
https://jircsa.ir/article-1-613-fa.html

[ Downloaded from jircsa.ir on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1405.14.1.2.9 ]

YA e S G9 p d owlinlled Gt I JnSuis JES) Jdos

Jebos )3 1) Lo adlge (55 g Jumsliy (585 gy il gly 3905 Sl gyl 51 (Tsakiris and Vangelis, 2005 <t al., 2007
205l 390 (sloodly i skl RDI adlis jl adllas cpl )5 coplply L(S3 (oSS Jguo)uiS o w2l 3 (wlidlen (glo Jluslis
dilaie wlidln (gloolinl jl &5 Liun (gandyss G 5 ok Co g o Cagby dgn iSlis g JBlis (glod Jold gy ()
5 39l (RDI) (asLs ogily (3 ye= ped &y (P) Gl o 1 o3liil b Jowuilty 505,505 (fin dpbro 31 sy 1 s
Jisl g oolaiwl LE mjg il il daodly (gilwJloy (gly 8ud dowbrs olo YF 5 W & & Jloj sbaojl ;o RDI jslie ¢ yupm

i pbol (V) dayly 5lesletwl L RDE (as b duwbee b Jas 3)liliel Jboy mje 4 (e

LR (")

RDI =
SE., PET,

Sy ol B g cons cud AVl b Lad ilalo ogilly 5 ya3 e PETE ol 4Wlo b ad tilale (S5)L uSle B a8 s 5o
w.:‘ JL.: LJAa—g wlo )2

(SDI) Ly JUSUis (as s

A ool law by 35S Lioh slp (( Sideyin JSis sl jadls p a8 5 cppeske 31 S5 lsieay SDI
5 045 dwbre dilale > x> wlel p (a3Lls ) .(Jahangir and Yarahmadi, 2020 :Nalbantis and Tsakiris, 2009)
A5 dwbre (V) datly b SDI o)l |y caliseo Sloj (slaojl )> Ol 3gsaS s, bl

“2

spr=27¢ (v)
(4]

Gl ub)> >)|.\3t’.w| L_9|)>U| o ¢JL» 9J.a.§ Lole Sygo & ub)> @ 9 Gl Y b L:La.% lalo Sygo UL’P U‘K’LA g
() Jsds) B0 s s s 45 (McKee etal, 1993) (elaylas ol 53 SDI g RDI ypolie ¢ JluSits coipais o),y

(Y44Y () )02 9 (5 o) SDI RDI 3lo wlu! 192 g Of gusaib -) Jguo
Table 1- Climate classification based on RDI, SDI values (McKee et al., 1993)

Index value Classification of drought
>2 Extremely wet (EW)
1.99-1.5 Very wet (VW)
1.49-1 Moderately wet) MW)
99.0 to- 0.99 Near normal (NN)
-1t0-1.49 Moderate drought (MD)
-1.5t0-1.99 Severe drought (SD)
-2< Extreme drought (ED)
SDI gRDI (3 5loj (§551 St Juloss

claable & o 5l Jusuas JEsl e Sy g padld 9 jpreplie g Slj (Suwly @2)d (S b b )l
5 (olol> 03)lges S3 cabrodVed S2 (ylxely S1) wliilgr olSiuyl aw ;I RDI (glaosly gglaie (ol gy i pbol (S5dgyaun
ool Sligad 0)gd g anle YF 9 V¥ & & ) Sloj slawbie p Jubo 505 gl puinl ases (s ptegylun oiul 51 SDI (slaosls
S b 4 S sy wlale wiged WWe o Sloy whie s (gly ad edl @lE gpbiduwolie U ad S jeie YeVAYLA
Sliwr e byl Gl 359y cpl Bad dnubre (asls 93 Sl e Om Ggem Seed cops (B U

A8l (JLSis il )3 de Sloj slagplie (lulid ly (e Sl e 9 1S (o a3 ) (Sjdoyin g (wlidlyy Sl

SDIsRDIOﬁ‘:no)'wS QMM


https://dor.isc.ac/dor/20.1001.1.24235970.1405.14.1.2.9
https://jircsa.ir/article-1-613-fa.html

[ Downloaded from jircsa.ir on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1405.14.1.2.9 ]

(V€20 V€ sa o) Bylewd) oyl pSol 7 s (tilobs 1A

HLCA) loj 4y b (Stuad Sk ((Sijslyton 5 lidlyn slo JuSits s b gl g Sloj abarly 5355 S yolates,
Hsiis 136 5 a0 sl lgieds Yoana (Sofdlgyan JluSiis & b 5105 pbol SDI g RDI Jlusis (slagas L (e
ol s B JLSizs g5 90 opl e e Ay e sl B Olajpob (Simad iy D9 sl lilgn
s slaaidy ;3 SDI polio b RDI jasls (Stued (il Sblug & (Sojdgin Slolo gl Sloj p3b ololis daies;
b jio lej sloaiBy (sl SDI g RDI 0153y 5kl iloj (lies yo o copmopss (oKimsad ol callnn ) )3 05 dsbro cilisen
Siamed o pd g okl basls olo S 0jlul 4y SDI &y s RDI loj (g o8 52 33 &S Cygo () 4y o0 duanbes ol i
Gl 5 (oolidlon JUSS ey o e Gloj Ay g (Stned A lolid el an]p ol a5 dsbee Ble
5 35 o)) iy A liseb) s 3 b gl 51 ol b Stsen calyis (gylel gybline 135 o oal |y ailolis | Sojolay s
s liblgn dalse 5 Jusis Jlasl Sloj )bsbe s g ogMe oo cpl gl w5155 Sloj dadg o ol bl p-value yolis
b (Staron oo 4 oo ol ilises Sloj sy olide 53 SDI g RDI (sl jas b )18) anglie (sly (ole (oline ((S5olgpan

5 o ol S ol 3 0t o JSES oS s 85 G )3 (ot L leg 48

Flusudd loj 5971 g Sl
JHS e g3l gy —
o90] 5l wilizee Sloj (sla pwlide ;3 SDI (So5gg)am g RDI wlislgn JWSiis clajasls Sloj @lpuss Bgy awyp yolaiody
clodly ply 5> Coglie g aodly Jloy mjg a5l pas Jus 4 o905l ol b edlizel (Mann—Kendall) Jlus— o (¢ jol,Lb
((XZOOS) doyd A0 uL.uo.Io‘ C.]a.w 59 LmJig) d)bgg“‘-""’ Lol cwlio u.w.l.‘!l 9 u&)}]”&m g;’L°) LSLQ’L;)“’ J.«.bu d‘)‘f Doy
oSl a5 a5 oslizul (Sen’s slope estimator) cpw cud S3y9lp 3l gy Slyss F g GAd o lp (ouaen A5 o)l
33 9395 g0 duwbra (V) B () slaabasly 1 o3liwl b y905] o)lol .08 o palyp cilise Sloj (sla wlido ;5 |y kg, (o8 dulio
S99 038 3 (g g2y pis) sho dnd b il oad e Gluebl o 53 (Slpm e 5| 55,5 ZC sl loy Hlake & (590
g o Aol hliae g

Cwlj=i+t 10 jIXjge.n-1d=1 51X Sloj g cdubro cpl yd

g (o dwbro ) ales b o ‘_JL':)J U9‘°)] )Loi

0995 Sy o Conl Coenl @ g 35kl Jloy slopiie Z1-0/2 o] 5 &S >Z1-0/2 cul [ZC | 3By g ZC (4905 Lol
. (Pingale etal.,2016) siws dgei (loj slb sy (o Sodgw o

O b S eSS gy~

2lr 0> Fpglie (B (S (oS (igew Sy b duliie )5 &S ad 0dlatul (o i S eSS gy ()i Hgly sl
e e laedy plie dilee g 00l dwbre oy Cin plad i <9y (ol 53 (SEN, 1968) 24 o guore oy (glrodl
S o patude |y gy s ] e o (el b il B)) Kgy can Hlde cpl cedle Lgb o 48,5 a5 > (Qmed)

i< J b(xi'i' 't} ¢ 5(X|'|'-ﬂ «wlinlin Cas 2 dl)f

Dgu o deaobro 2 a5lo Cygo & (Qmed) P nd

Ilzj >i> medain QE-J-, V:Qmed

Sl 39 (gl e 235, QMed=0 il 55y Qmed<0 S . ul58l 19 Qmed>0 31

MK? (9051 oS 5 55/ 4 b (g 2 bl 5 Uyl Sloj slosigy SDI g RDI (sl jaslis ) (S0 b caalllao il 5
5 JUS= e ogeil b gy ibs sl el ) iS55 op g gy (bline pp 385 Jbu ISl s d S e85
A pbul o b cud g JINS= 0 (O ye (gladiun jledlaiwl LR Ho e

1 Lag Correlation Analysis
2Mann-Kendall Test


https://dor.isc.ac/dor/20.1001.1.24235970.1405.14.1.2.9
https://jircsa.ir/article-1-613-fa.html

[ Downloaded from jircsa.ir on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1405.14.1.2.9 ]

. e 255l 4 il St ] S JIES) oS

wog owlnilgd oKyl jd JULuSis Ouui
ilisee Gloj b plide ;> Gglite pglts 5 b b pba Jlusis g5y by RDI (adls ite polie (olasls S1) o] 5>
51 el Slgi o a8 b Sl ) il g kel JlsSis S =Y/FY dgus RDI-3 Hlide NVAAY o jo ¢ et jobdy .l
b 5 el JluSis S gokanilis —Y/OF 94 b RDI-12 jlaie YO Jlo ;5 ¢ blio )3 sl b il SLS Lials
i e Slejen FIF Lo > Gizen (F US55 ¥ Jgin) 2l adly (i O gl 2 ogill lasely Silgiee o cd
253 50 il pis 5 SiS Lulyd pglt Wlg e 45 A5 sumlite (RDI-12 4 RDI-6 RDI-1) iloj ke i 55 RDI asls
2l o o (Seigppien sloailie ol sl Jlais Gl 5 Jukiss Sl i Sl (Y Jpin) > his b ]
o 5 JuSis polas AUS e 4l &S wal K5 3blie plo 5 ol SiSday bdse 5 ondpbol cldlas b Ludyes
«Vicente-Serrano and Lopez-Moreno, 2005) 5,35 o slsp (55,5liS Liso 9 ol plie p e @lyl ¢ Sloj ulibo
(Adib et al.,, 2024 <Cammalleriet al., 2019

shad 9 oligs" Sloj gla wlie jo ly ol (JSis 0)9d 93 go8g RDI [adls (gas ydlio Jubo (abeod¥ed) S2 oKl o
JuSiis =YY 290> RDI-L jlds b F 43 5 =V/V) 290> RDI-3 jlde b QY gla Jl o (Y IS5 9 ¥ Jodz) ob olis
oo Sllug & oYL Cowlus GaoolisS sla whio ;o RDI wlidlgy JuSis [odls wad o ol o8 0 odalin Lad
3 Slen iy Sldlas ubs b ladl opl S ) JusSid gy Hliie gbhalls ;3 (5550 (i Al 0 5 atil (il
.(Zhanget al., 2023b :Mishra and Singh, 2010)

Cunl e Sloj gla e )3 (Jlusias Jlsie slaoyes £589 Slu jo ((laels 03,lex) S3 oluw] )3 RDI adls ()
sl JluSis goamy s —Y/¥0 9= Y/+) 90> iy RDI-3 g RDI-1 yolie b ¥+ VY Jho o ¢ Jlo (sl (¥ S5 9V o)
JORDI asls an g5 B Lials ¥ A by gl pogMe sl 4zl Ol olie y 1y (gt @l 3l il oo a5 ol Juad g CotoolisS
2133 5 5Lis STl g Cagby 39meS pelas oaimd Ui wilg5 e (RDI-127-2.29 o RDI-6=-1.83) ool g oo (sl yoliie
s JlSis wlooly Ui a5 ol Lulyod ol Siid dass § Suid sblio plo )3 sadpbul Slallas gols b 6 ol asb asgs
Pandya etal., #Vicente-Serrano etal.,, 2010) 5l 1 p183 zalS g e s ol pdaw cdl b (S35 bl coresids g e o
4y dlunly Sis dos bl o wliley sla JuSiis polas o sl oS amd o ol iow opl @lbs ((Nooriet al., 2023 2020
laailobes (6l I oo Bl o ¢ Sloj puliie itz O RDI jasls Lite olie Slbsran o Cod Jibo Sloj (ubide
Gblie 3 Ol @lie S50 Copte glatod; cwlidlon JuSis wbiosia (il coodl p laabl ol .29 adg> (655l i g o
oas a5LIRDI jaslis Lolol p ol )3 (o (slaoygd g polti word) JWsiis (sla Sha Y Jodo 3 .05l 1Sl Siid dos
sl o0 )] il Sloj (wlidie 53 o) jo yo JluSid il ¥ USG5 el

RDIas Wi (wlw! o cilide cbolSuw! ;3 JWSis Sl sle 00 (Sig-Y Joo
Table 2- Characteristics of critical drought periods at different stations based on the RDI index

Station  Index Scale  Drought Duration (months) ~ Mean Intensity (RDI)  Critical Years Drought Type

S1 RDI-1 6 -1.25 2013 Severe short-term
S1 RDI-3 6 -1.02 2013 Moderate short-term
S; RDI-6 10 -1.12 2013-2014 Moderate short-term
S1 RDI-12 12 -1.68 2000 Severe medium-term
St RDI-24 16 -1.92 2014 Very severe long-term
S2 RDI-1 7 -1.05 1990 Moderate short-term
Sz RDI-3 7 -1.01 1990 Moderate short-term
S, RDI-6 12 -1.02 1990-1992 Moderate short-term
S RDI-12 17 -1.88 1990-1996 Severe long-term
S RDI-24 15 -1.21 1990-1996 Severe long-term
S3 RDI-1 7 -1.02 1995 Moderate short-term
S3 RDI-3 7 -1.12 1995 Moderate short-term
S3 RDI-6 12 -1.21 1995-2013 Severe long-term
S3 RDI-12 19 -2.01 1995-2015 Very severe long-term
S3 RDI-24 16 -1.25 1995-2015 Severe long-term
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Figure 4- Droughtintensity at stations and across different time scales
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Figure 5- Minimum and maximum RDI index values in the Damghan Watershed
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Figure 6- Percentage frequency of RDI droughts during different periods
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Figure 7- SDI value at the hydrometric station in the Damghan Watershed
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Figure 8- Trend of RDI, SDI, and precipitation in Damghan Watershed
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Table 3- Trend results of RDI and SDI indices at time scales

Index Z (MK) Sen’s Slope Index Z (MK) Sen’s Slope
RDI-1 -1.05 -0.010 SDI-1 -1.32 -0.011
RDI-3 -1.88 -0.022* SDI-3 -2.05 -0.025x
RDI-6 -2.24 -0.030* SDI-6 -2.65 -0.030=
RDI-12 -2.85 -0.040** SDI-12 -3.10 -0.050
RDI-24 -1.92 -0.028* SDI-24 -2.45 -0.045x

**p <0.01, *p<0.05
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Table 4- Pearson correlation coefficient between RDI and SD1 across time scales
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Table 5- Pearson correlation coefficients (r) and significance levels (p-values) between the RDI and SDI at different
time lags (overlapping period: 2008—-2018)

Lag (months) r (RDI-SDI) p-value Significance

0 0.42 0.018 *

1 0.55 0.006 **
2 0.63 0.001 **
3 0.71 <0.001 i
4 0.60 0.003 *x
5 0.48 0.021 *

6 0.32 0.084 Ns
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Table S1- Summary of quality control procedures meteorological and hydrometric station in Watershed Damghan

. Period Total Missing Corrected  Removed Final Reason for
Data type Station name (Year) records data(%) data (%) data (%) status exclusion
L Damghan Synoptic ~ 1990-
Precipitation Station 2020 11,232 4.2 2.1 0.8 Accepted —
Fooladmahaleh 1990
Precipitation Climatological 11,232 6.5 3.0 1.2 Accepted —
. 2020
Station
Chahardeh
N Damghan 1990
Precipitation Climatological 2020 11,323 8.9 4.1 15 Accepted —
Station
. More than
Precipitation Shah_mlrzaq 1990- — >10 — — Excluded  10% missing
Synoptic Station 2020 data
e Sah Rain Gauge 1990 o o o Temporal
Precipitation Station 2020 <10 Excluded discontinuity
N Rudbar Damghan 1990 Short data
Precipitation  pain Gauge Station 2020 o <10 B T Excluded record length
. Lack of
A Momenabad Rain 1990
Precipitation Gauge Station 2020 — <10 — — Excluded temporal
overlap
Damghan Azad 1990 Data
Precipitation University Rain — <10 — — Excluded recording
A 2020
Gauge Station error
Astaneh
Precipitation Climatological 1990~ — <10 — — Excluded _Temp_o ra_l
. 2020 discontinuity
Station
Dam Outlet 2008
Streamflow Hydrometric 2,018 7.3 35 1.0 Accepted —
. 2018
Station
Astaneh 2008 More than
Streamflow Hydrometric — >10 — — Excluded  10% missing
. 2018
Station data
Labroud 2008 More than
Streamflow Hydrometric — >10 — — Excluded  10% missing
- 2018
Station data
. More than
Streamflow Sah Hydrometric 2008 >10 — — Excluded  10% missing
Station 2018 data
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Table S2- Lagged correlation analysis of the SDI index across different periods (2008—2018)

Time Lag Correlation Coefficient (r)— Full  p-value Correlation Coefficient (r)— p-value Difference (Ar)
(Months) Period (SDI, 2008-2018) Overlapping Period (2008-2018)

0 0.52 >(0.001 0.52 >(0.001 No change

1 0.61 >0.001 0.6 >(0.001 Negligible

2 0.68 >0.001 0.67 >0.001 Negligible

3 0.71 >0.001 0.7 >0.001 Negligible

¥ 0.65 >0.001 0.64 >0.001 Negligible

o 0.55 <0.05 0.54 <0.05 Negligible

7 0.42 0.05< 0.41 <0.05 Not significant

No significant change (No change), Negligible change (Negligible), Statistically insignificant (Not significant)
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Table S3- Comparison of descriptive statistics (mean and minimum values) of the RDI and SPEI indices at different timescales
(1990-2020)

Time Scale Mean Minimum Mean Minimum Correlation Coefficient (r) between RDI and
(Months) RDI RDI SPEI SPEI SPEI

1 -0.45 -2.12 -0.42 -2.05 0.92

3 -0.68 -2.61 -0.65 -2.45 0.9

6 -0.82 -2.45 -0.79 -2.45 0.88

12 -1.03 -2.29 -0.98 -2.20 0.87

24 -1.15 -2.06 -1.10 -1.98 0.85
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