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Extended abstract

Introduction

Drought propagation, defined as the transfer of moisture deficits from meteorological to hydrological
drought, represents a central topic in water resources management, particularly in arid and semi-arid
regions. Understanding the spatial patterns of drought propagation and identifying the controlling factors
are essential for designing risk-reduction strategies and achieving sustainable management of aquifers and
surface runoff. Considering the sensitivity of catchments to climatic stress in eastern Iran, this study aims
to analyze the spatial dynamics of drought propagation and assess the influence of catchment environmental
characteristics in Khorasan Razavi Province.

Materials and methods

This study utilized data from 46 catchments over a 29-year period (April 1988 to September 2016).
Meteorological and hydrological droughts were identified using the standardized precipitation index (SPI)
and the standardized streamflow index (SSI), respectively. Drought events were extracted using a threshold
of SPI or SSI < -1, and paired events were determined. For each event, the intensity and severity of both
meteorological and hydrological droughts were calculated, followed by the derivation of drought
propagation ratios and their normalized forms. A set of physiographic and climatic catchment variables-
including slope, normalized difference vegetation index (NDVI), precipitation seasonality index (Ps), snow
fraction (fl1), aridity index (Ai), and available water capacity (AWC)—were averaged at the catchment
scale and analyzed using Pearson correlation to assess their relationships with drought propagation ratios.

Results and discussion

Spatial analyses indicated that the mean meteorological drought intensity ranged from 0.23 to 2.17, with an
average of approximately 2.1, whereas hydrological drought intensity ranged from 0.14 to 1.16, with a
mean of 0.65. The coefficient of variation (CV) was 63% for hydrological drought intensity and 37.7% for
meteorological drought, indicating greater spatial variability in hydrological drought. At the catchment
level, 54% of the catchments exhibited a reduction in propagation intensity, and 67% showed a decrease in
propagation severity. The mean propagation intensity and severity ratios were —0.03 and —0.1, respectively,
suggesting a general attenuation of drought effects during the transfer from meteorological to hydrological
systems. Significant negative correlations between meteorological drought characteristics and propagation
ratios (r =—0.48 for intensity and r =—0.67 for severity) indicate that stronger meteorological drought events
tend to experience greater attenuation during propagation; that is, high-intensity meteorological drought
does not always translate into equally severe hydrological drought. Among environmental factors, NDVI
showed a significant negative relationship with both propagation ratios, and AWC was negatively
correlated with the severity propagation ratio. In contrast, precipitation seasonality (Ps) and aridity index
(Ai) did not exhibit significant correlations with propagation ratios, while snow fraction (f() showed only
a weak negative correlation with propagation intensity. Catchment slope also showed no significant
relationship with propagation ratios. These patterns suggest that, in Khorasan Razavi, intrinsic catchment
characteristics—particularly vegetation cover and soil water storage capacity—play a key role in
attenuating drought propagation.
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Conclusions

The results of this study indicate that drought propagation in the 46 catchments of Khorasan Razavi is
predominantly characterized by a reduction in both intensity and severity, with 54% of catchments showing
decreased propagation intensity and 67% exhibiting reduced severity. The mean propagation ratios for
intensity and severity were —0.03 and —0.1, respectively. Meteorological drought intensity and severity
emerged as the strongest controls on drought propagation, showing significant negative correlations with
propagation ratios. Among environmental factors, vegetation cover (NDVI) and soil water storage capacity
were the most influential in mitigating drought propagation, whereas climatic indices had no significant
impact.
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Fig. 2. Spatial distribution of meteorological and hydrological drought characteristics in the study area: (a) Mean meteorological

drought severity, (b) Mean meteorological drought intensity, (c) Mean hydrological drought severity, (d) Mean hydrological drought
intensity, (e) Mean severity propagation ratio, (f) Mean intensity propagation ratio



VF0 Y oleis VA Wl

5e5l S 5 (ouaigal VY'Y

57°0'0"E 58°30'0"E 60°0'0"E | R* 57°0'0"E 58°30'0"E 60°0'0"E . *
z = 3 Y z & R
| 1 - =2 | e =
4 By 2 Posel ||[£ z o8
& S & g B~
- 14 - ~ -
[} -
£ yIE z =
s F 12 z s
S g s g
e R & 4
Ly} -

0 0

z g z £
s = Z =
s s = 2
Sle s u w % 4 g
& | —— - Ld T | ———— - )

Kilometers T Kilometers ——

57°0'0"E 58°30'0"E 60°0'0"E -0.65 57°0'0"E 58°30'0"E 60°0'0"E -0.67

Y JSCs aolsl

Fig. 2. Continued

YL Gas g sas b pwliilss gl JLSis oS
g ge azlge (6 ity cipedi L jLasl anl)8 o
Razi and Shokoohi, &ladllas jo aig, ol aslice
Azarakhshi and 4 J3l QYU ase> o (2020)
Sy, ol bl o Farzadmehr, (2022)
sl JlSis Vb wos Ll jo a5 ol easlie
sl Jlsies plee wats 4 e Ll 9>
oy (rl (S5 o sl el oais (Soelg 00
2 bass b )5l cod)b Sl Wigs
Huang et al., ) ol cod8l SowolisS slo 25 ol
.(Houmma et al., 2025 2017
o8l L3358 a0 1 lanmo (gl a5 6 3T
S S 9 b oo had el sl ow)
wolad las jleasl Gl Cad b g,lo cxe alayl
J el b (10F 4 +/A e p-valuel o5 say)
G b 4]+ A) G e (Kt by (575
i arli oS el (S8 bl o ls sl sas
Sl gl I Sogep b g lo e alaly 5
S o piie (nl glacils 28 Sly o5 o)l
Lol aslllas 9,90 3blo jo JluSas Ll

Sl liblgn i sla s
Joloe o adsl abaly oy p sl JlSls
00 dwg g 6"5 LQJM ‘).’) Wl oolawl Oy
Al Jelos ol aitls Loy e i s
b asS o o2l)3 1) adsl s slaakal, SLuls
Wilg3 god 00l (Sioon 45 598 a5 Cowl p3Y  Jl>
A 3 1y et sz plojes b L s es i
al,l Blasst Jdow Glgieds bl (opl ply © .5
Sldlae o wilgd co 0 yusioniz lo Jdow § oul
g ploxil o
bl JLSis la S5y e bl o) 2
D> g ad &S o lad el glacas
sebas i jlasl glaceas b g58 [l 5 568
ShSis o ke e Y (S
S giae doye A9/ Gliwebl xhaw o g0y aS
sl o1 5l S ls cpl (p-value<0.001) siiwn



yyvy /

eelitlyn JLSas Lasil gladbaie o

intensity
=}

1
=
9]

Mean propagation ratio of

0 02 04 06 08 1 1.2

Mean intensity of meteorological drought

Mean propagation ratio of

o p<0.001

, severity
<

0.5

-1
0 1 2
Mean severity of meteorological drought

S S S 5 A JSE) o ] e il ol JL5 03 (S ey =Y S
o I8 oo Ll cos 5Kk 5 (coliilge

Fig. 3. Relationship between (a) mean mean severity of meteorological drought and mean propagation ratio of severity, and (b)
mean intensity of meteorological drought and mean propagation ratio of intensity
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