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functions, Climate change, Composite droughts, characterized by simultaneous meteorological and hydrological
JDHMI index, Minab deficits, present severe challenges to water resource management in arid and semi-arid
watershed. regions. This study addresses the critical need to project drought characteristics under

climate change by developing a comprehensive Joint Hydro-Meteorological Drought

Index (JDHMI) using copula functions for the Minab Esteghlal Dam watershed in

southern Iran.

Materials and Methods

Rece(;;eg:ct 2025 The research utilized historical hydro-climatic data (1989-2020) and statistically
downscaled outputs from the CanESM5 climate model under three SSP scenarios

Revised: (SSP126, SSP370, and SSP585) for the period 2021-2040. Watershed runoff was
29 Oct 2025 simulated using the IHACRES rainfall-runoff model. P-12 and R-12 were calculated,
and their dependence structure was modeled using copula functions to develop

Accepted: the JDHMI. Drought characteristics, including frequency, intensity, duration, and
15 Dec 2025 magnitude, were analyzed, and trend assessments were conducted using the Mann—

Kendall test and Pettitt’s change-point detection.
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Results and Discussion

The comprehensive analysis revealed several critical findings regarding drought behavior under
climate change scenarios. The composite JDHMI demonstrated superior performance, exhibiting
significantly reduced fluctuations and more stable drought identification compared with conventional
univariate indices, thereby providing a more reliable tool for drought monitoring and management.
Under future climate change scenarios, substantial alterations in drought patterns were projected,
marked by a fundamental shift from the historical pattern of fewer but prolonged severe droughts—
characterized by a maximum duration of 83 months during the historical period—toward more
frequent but shorter drought events, with the SSP585 scenario projecting 13 distinct episodes.
Furthermore, the study identified a concerning increase in drought magnitude across all future
scenarios, with the maximum magnitude rising sharply to 1.79 under the high-emission SSP585
scenario, indicating a substantial intensification of drought conditions. This trend was compounded
by a significant increase in the frequency of severe drought events under all future scenarios. Trend
analysis revealed a strongly significant declining trend in JDHMI values, with Z-scores of —6.28 for
the historical period and an even more pronounced —7.75 under the SSP370 scenario, confirming the
progressive deterioration of hydro-meteorological conditions. Importantly, change-point analysis
detected a notable regime shift around the year 2000, firmly establishing the onset of a multi-decadal
drought period that continues to affect the region, thereby validating the temporal framework of

what has been widely recognized in the scientific literature as the “millennium drought.”

Conclusion

This study demonstrates the superior capability of copula-based composite indices in monitoring
composite droughts under climate change scenarios. The findings reveal a critical insight: despite
some reduction in drought duration, the significant intensification of both drought magnitude and
frequency underscores the growing vulnerability of water resource systems. The developed JDHMI
framework provides a robust scientific foundation for establishing early warning systems for
composite droughts, enabling proactive reservoir management and strategic water allocation, and
supporting climate adaptation planning in water resources management. For future research, it is
recommended to incorporate additional key variables, such as groundwater levels and soil moisture,
and to employ multi-model ensemble approaches to reduce uncertainty. Collectively, these findings
highlight the urgent need for adaptive management strategies to address the escalating challenges

posed by composite drought events in a changing climate.
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Table 5. Goodness of fit test and parameters of the distribution function on the studied variables

YYY

gl g3 - & Parameter) .l P-
. . 3 K-S AIC BIC
Duration/Scenarios  (Variable) (Function) ( )k value
550
e Gamma a=0.3625; p=0.85 0.28 0.63 123.02 119.18
=G (Rainfall)
Historical )
Gamma a=0.3819; B=0.06 0.29 0.49 14558 132.14
(Runoff)
5L
o GEV p=0.239,0=13.2,0=23.02 0.077 039 129.65 121.08
(Rainfall)
S5P126 bl Log-G 1.329, 6=-3.34
<Uly, og-Gamma p=1.329, 6= -3.34, a=
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o Gamma a=0.11; p= 0.004 0.05 0.19 128.69 121.12
(Rainfall)
SSP370 u
<l _ e
(Runoff) Gamma a=0.81; = 0.07 0.06 0.52  151.01 149.15
550
o Gamma a=0.47; p=0.01 0.09 035 132.08 123.02
(Rainfall)
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<ly, _ e
(Runoff) Gamma a=0.074; = 0.06 0.08 0.24 142.14 139.90
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Table 6. Goodness of fit test and parameters of copula function on studied variables
(Variable) ,u ’f"t‘”/bﬁj . (Function) b (Parameter) yul,l AIC Sn P-
Duration/Scenario ) value
>t Historical Jw5 Gumbel 1.13 236.2 0.06  0.389
WY llgy/ b sl SSP126 Jly Normal 0.11 321.52 0.05 0.24
P-12/R-12 g2l SSP370 Yyl st 0.55 366.87  0.09  0.14
9,lee SSP585 6 Frank 1.58 389.23 0.03 0.98
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Fig 7. Copula goodness of fit graph for the precipitation and rainfall variables in the historical scenario (a),
SSP126 (b), SSP370 (c), and SSP585 (d)

Journal of Drought and Climate change Research (JDCR)

Spring 2026, Vol.4, No.13, pp 227-250



Y¥Y

5 ekl L S e JSlis o ls o iy s a5

olas (Azhdari et al., 2023) -, Ken g (5,05 alaass
Jlses slaasls oS 5 50 YaulS 5l eolitul a5 ool
slaJlsias ollid cds (Sojgdg ae g (wlidlya
999 SRS S | i o0 St 0y 9> Bl S e
L Gbsy ol a5 Wlos,S o ST (Wu et al, 2021) Ko
Siadly LSl L g (alh pair dlaiedss oS
JlsSes aglas 5 @ad ess o sl eyl o
Parvaz et) ;) Kea 5 3lsp aslllas S o 5,5 ol>
2 s oS 5 sla sl a8 eols las s (al., 2025
SRI L SPI asile (s0ascSs sla sl b anglie ,o Yal5
alides sl Glojen (528,505,105 o 4y Coul (S a5
Saliogdly peas wims i) G5 Lyl o JlSes
e gl s oo ail)l (JluSis Jls Sl s peal>
SialS (JLSas Gl olal Glojen Liibg alex
Slaiis o i lisebl Gl 5 olulis slalls
wode anle A ouls Gl (g pae slos S paea
b )85l 5 llos s ol Lo a1 5,509, 00
00 jsb 4 gerlily e Slagin byl Lull
o312 SITDHMI 35 0an T (slags liws (1 a5 (mots
5 (SPI-12) wlisles JLSis o,mecSs sla_asls
)Y S 55 5 sl ey (SRIFI2) (Sy3elg 0

el 0 &l (5

GumbelC opula

t-Copula

(c)

A
S

&g

s S e [
==
R- A= ot
& St
L

o.\;.gj
0 piin S JlSis b asls ol (HA S
1, (JDHMI) o piiegs asli 9 (SRI-12 4 SPI-12)
sanline a5 jgb yled 005 co lis anlllas 5,90 (5,lel 0,90
Y5 wilgs 5l oolazwl b aS IDHMI oS 55 asLis w0 g oo
Ol s Qg g el 0595 15 (6 50S Dllugs 5l a8l dnusgs
B0 oo 5l 0 e ST gleaslh 4 s 1) 655,00
ol 9o Sledbl lojesn Gaal 51 LU g lul oyl
SlP 0o o &5 Sl (Soglgyn g omlidlea
2L p 65eS 8b daiie 5 (So 50 )38 5 SLST
G o b oS 5 sl (uzen all atily ol
Iy &S e b Jlsas cail ol da pstie oo (Sly
To e slaplz 5o ee s 5L 50 w2 lejen oS
Alad glolis gt loebl colli 5 cdo b s oo
S5 g Seel Gyl Gleie a4 jasly cpl sl o
5 Cudad pac byl i o JSis o poe g Gl gl
LSS b asls aF s o lid sasie Olalae
L Yl sbdoe p sdw sodilyoe JsSis
oy SlaSKily 5 syt Ly, wall5 (s5ledoe
sty JB rp (JuSas 0 She glapiie Gm
Jlse Glaieas aijle s 0 i ST slojasle 4 Cod

Normal Copula

(b)

TR
LA B e
i e
P D

ps T
ATy
Uy SIS,
7.2 o

SSP585 4 SSP370 :& $SSP126 10 ¢ 5 ;U : &l glogs Jbow jo JIDHMI g SRI-12 4 SPI-12 sl sl ¥ i
Fig 7. SPI-12, SRI-12, and JHDMI in historical (a), (b): SSP126, (c): SSP370 and (d): SSP585 scenarios
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Table 7. Characteristics of the hydro-meteorological drought during historical and future periods
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Fig 8. Frequency of the meteorological-hydrological drought in each descriptive drought category (MOD:

Moderate Drought; MD: Mid Drought; SD: Severe Drought, ED: Extreme Drought) during the historical

period and under different climate scenarios
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Table 8. Trend of changes and jump in JDHMI under the climatic scenarios
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