Assessing Extreme Precipitation Vulnerability in Iranian Watersheds Using
GPM-IMERG Satellite Data and Data-Driven Shannon Entropy Weighting

Abstract

Extreme precipitation events act as the primary catalysts for flash floods, profoundly escalating
hydrologic risks across Iran’s watersheds. This profound impact necessitates rigorous, targeted
evaluation. The present study initially investigated the efficacy of GPM-IMERG satellite
estimates (2001-2020) in capturing basin-scale spatial precipitation distributions. We then
deployed Shannon entropy as a data-driven weighting framework to quantify the ability
of these basins to extreme precipitation. Dataset validation revealed a distinctspatial omy.
Across the Zagros slopes, GPM-IMERG products demonstrated robust co
accuracy in replicating spatial precipitation structures, proving highl
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Extended Abstract

Evaluating the Vulnerability of Iranian Watersheds to Extreme
Precipitation: An Application of Shannon Entropy to GPM-IMERG Data

Introduction

Anthropogenic climate warming has profoundly disrupted the Earth’s climate system, driving
unprecedented shifts across the global hydrological cycle. Perhaps the most striking
manifestation of these disturbances is the escalating frequency, intensity, and
hydroclimatic extremes most notably, precipitation events. Classical paradigms lo
arid reglons were destlned for relentless des1ccat10n Yet, recent emp' al obser
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Materials and Methods

In this study, a long-term two decades (2001-2020) was selected to analyze extreme
precipitation events in Iranian watersheds, utilizing GPM-IMERG satellite data. The evaluation
of satellite-derived datasets like GPM-IMERG critically depends on their consistency with a
standardized ground-based monitoring network. The reference data employed comprises 128
synoptic meteorological stations distributed across Iran’s catchment areas, ensuring

comprehensive spatial coverage. The core aim of this research is to quantitatively and spatially
assess the vulnerability of Iran’s watersheds to extreme precipitation events, grounded within a

datasets, this technique eliminates subjective human judgment,
and entirely unbiased weighting. In this study, precipitation extremes
deled over a twenty-year (2001-2020) utilizing GPM-IMERG datasets.
oach yields a comprehensive, integrated spatial representation of watershed
that is firmly grounded in the actual physical behavior of regional climate



data-driven, multi-criteria framework. This approach encompasses three principal stages: (1)
extraction and processing of precipitation extreme event indicators, (2) objective weighting of
each indicator based on information theory, and (3) integration of these layers to generate a final
vulnerability map. The spatial vulnerability analysis hinges predominantly on high-resolution
precipitation data. Guided by recommendations from the Expert Team on Climate Change
Detection and Indices (ETCCDI), four key indices were selected. The first, Rx1day, measures
the maximum daily precipitation within the period, reflecting the intensity of extreme
precipitation events. The second, R10mm, counts the number of days with heavy precipitation
(>10 mm), while R20mm tallies days with very heavy precipitation (=20 mm). Finally, the
Simple Daily Intensity Index (SDII), calculated as the total precipitation on rainy divided
by the number of rainy days, indicates the average daily precipitation inten uring
precipitation events.

Discussion
Between 2001-2020, the spatial distribution of annual preci
pronounced gradient, with values ranging dramatically from 5
heterogeneity is primarily driven by the complex interplay of'1
forcing, and proximity to moisture sources. solut

concentrated along the Caspian coastal bel i i

Karkheh, Karun, and Lake Urmia basins consis cord annual totals between 400 and 650
mm. Within these western catchments specifically ia, Karkheh, and Karun satellite-derived
GPM-IMERG estimates demonstrate ghust ahgnm t with ground- based observations. ThlS

A deﬁnlng hydrodynamic signa re of MEn’s western and southwestern margins is the
tense extreme precipitation events. The epicenters
within the Karkheh, Karun, and Hendijan-Jarrahi
PM-IMERG dataset, these zones experience heavy (R10mm)
ipitation on 20 to 25 days and 8 to 12 days annually, respectively.
ates coincide with maxima in standard intensity metrics. For instance,
cipitation (Rxlday) yields figures spanning 65 to 82.5mm while the
ity Index (SDII) easily surpasses the 9 to 11.9 mm/day threshold. To
rigorou sa@ catchment vulnerability to these hydro-climate extremes, Shannon entropy
was appl@ the GPM-IMERG data as an objective weighting operator. This approach yields
a highly reS8lved delineation of regional risk profiles. Because Shannon entropy fundamentally
roots its weight allocation in the spatial heterogeneity of extreme indices, it effectively models
vulnerability as a continuously distributed spatial variable. Consequently, regions characterized
by the steepest spatial gradients naturally receive the highest computational weights. Analytical
outputs from this procedure indicate that low and moderate vulnerability classifications account
for 46.5% and 30% of the national territory, respectively. Conversely, the most acute risk zones
encompassing 23.5 % of Iran’s total landmass are predominantly anchored along the western
foothills and the southern coastal strips.
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Conclusion
The results of this research resonate with the existing international literature across several
distinct dimensions. When evaluating the fidelity of global precipitation datasets, the
performance of GPM-IMERG within Iran strongly corroborates the findings of Herold et al.
(2016) and Wang et al. (2021). Our observations confirm the acute sensitivity of precipitation
intensity and duration metrics to the specific product utilized, its spatial resolution, and the
localized physical dynamics of the passing weather systems. Shifting the focus to climate
change impacts, we noted a marked intensification of single-day precipitation events across
several of the country’s more arid, southern basins. Such localized strengthening mirrors the
broader conclusions drawn by Yao et al. (2020) and Breugem et al. (2020), who doc
escalation of extreme precipitation driven by global warming. Furthermore, an exa
the nexus between extreme precipitation and hydrological hazards reveal
overlap between highly vulnerable zones and historical flood occ
coherence effectively replicates the paradigm introduced b
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