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Extended Abstract
Background and Objectives
One of the issues considered in studying the impact of droughts on plants is the amount of changes in soil moisture.
Field investigation of soil moisture over a large area is very difficult and in most cases impossible. For this reason,
resorting to indices that can be used using remote sensing and whose results are also very reliable is very important.
Soil moisture-based indices such as (SSMI) and (SMCI), which are produced using long-term satellite data such
as ESA CCl and C3S Soil Moisture, directly monitor the status of water available to plants. Recent studies have
shown that SSMI and SMCI are much more accurate in detecting earlier, longer duration, and more severe
agricultural droughts in semi-arid and mountainous regions than purely climatic. On the other hand, the SPI and
SPEI indices-calculated based on precipitation and potential evapotranspiration-have been accepted as global
indices for meteorological drought monitoring. However, there is evidence that in areas with complex topography,
heavy soil texture, and dense vegetation, these indices may underestimate the true severity of moisture stress and
not accurately reflect the transition of drought from the meteorological to the agricultural stage. Studies conducted
in parts of the world show that soil moisture behaves differently in different topographies.
Materials and Methods
In this study, soil moisture was extracted from soil moisture data in the Karkheh basin using the monthly combined
product (COMBINED) of the C3S Soil Moisture dataset, version v202312 (C3S, 2023). This dataset is a
continuation and updated version of the famous ESA CCI Soil Moisture product and was produced by merging
data from active and passive microwave sensors over more than 45 years; a process that is documented in the
European Space Agency technical report (ESA, 2018). The aforementioned combined data are obtained from the
integration of active sensors such as ASCAT on Met Op-A/B/C) and passive sensors SSM/I, SSMIS, TMI, AMSR-
E, AMSR2, SMOS, SMAP, etc.; An approach that is scientifically supported by research related to the fusion of
active-passive microwave data (Liu et al., 2012). In this study, the C3S-SOILMOISTURE-L3S-SSMV-
COMBINED-MONTHLY product was used with a spatial resolution of 0.25 (about 25 km) and a time period from
January 2001 to December 2022 (264 consecutive months). This long time period is in a high overlap period
between active and passive sensors and has very high stability and accuracy, an issue that has also been confirmed
in studies evaluating the performance of satellite soil moisture data. In this study, only 6- and 12-month scales
were used for the calculation. The probability distribution function selected for SSMI was the log-logistic
distribution, which, according to the findings of Oertel et al. (2018), provides the best fit for soil moisture time
series. The SSMI index was extracted by standardizing soil moisture data to calculate the Standardized
Precipitation Index (SPI), and time series such as monthly precipitation or soil moisture data were compiled over
a specific time period, and the appropriate probability distribution function was fitted to the first-stage data to
determine aggregation periods such as 3, 6, or 12 months.
Results
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The difference between the SSMI-12 and SMCI results in the duration and severity indices is likely due to the
relatively small spatial resolution of the Karkheh basin, as finer spatial resolution can smooth out local variations
and increase the possibility of detecting spatial patterns. In most counties, the SSMI-6 index (short duration) shows
higher values than the SSMI-12, indicating the dominance of short-term and sporadic events. Although in some
cases (4 counties out of 36 counties) the SSMI-12 shows a longer duration. Some counties, such as Harsin and
Ahvaz, show long-term and severe droughts, while most counties, such as Sahneh, Khorramabad, Kamyaran, and
Delfan etc., are affected by short-term and severe droughts. This pattern shows that short-term, severe events
dominate the region, but in some places, long-term droughts are also very critical. While the maximum SMCI
intensity in Brazil was reported to be around 4000, in the south of the Karkheh basin this value has reached more
than 6300- about 60 percent more intense and over a much larger area. The SSMI-12 intensity has also exceeded
240 units in several counties of the Karkheh basin, which is almost twice the maximum value reported in Brazil.

Conclusion

The SSMI and SMCI indices revealed more complex spatial and temporal patterns, and in many places, the severity
and duration of droughts recorded by them were much greater than those recorded by meteorological indices. The
north-south gradient of the Karkheh basin, which extends from the high and semi-humid regions of the Zagros to
the warm plains of Khuzestan, was the most important spatial pattern observed, highlighting the determining role
of topography, soil texture, and vegetation. The analysis of duration, intensity, and severity showed that short-term
and severe events dominate in large parts of the basin, while the south of the basin experiences long-term and
extremely severe droughts. Comparison with similar regions such as northeastern Brazil also showed that the
drought intensity in Karkheh was significantly more severe and widespread. Correlation analysis indicated that
SPI and SPEI produce a nearly similar signal, but the association of SSMI with these indices is highly variable and
dependent on local conditions. High correlations in the southern plains indicate a direct control of precipitation
and evapotranspiration on soil moisture, while very weak correlations in the Zagros highlands indicate that soil
moisture in these regions behaves more independently and is influenced by physiographic features. While very
weak correlations in the Zagros highlands indicate that soil moisture in these areas behaves more independently
and is influenced by physiographic features.
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Table 1 — Specifications of input data used for calculating agricultural and meteorological drought

indices.
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Figure 2 — Flowchart of the research process, including data preparation, calculation of agricultural and
meteorological drought indices, and analysis of the relationships between the indices.
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Figure 3 — Spatial distribution of the duration (D) of agricultural drought events in the Karkheh River

Basin during the 2001-2022 period (in months), based on the Standardized Soil Moisture Index (SSMI)
and the Soil Moisture Condition Index (SMCI).
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Figure 4- Spatial distribution of the severity of agricultural drought events in the Karkheh river basin

during the 2001-2022 period, based on the standardized soil moisture index (SSMI) and the soil moisture
condition index (SMCI).
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Figure 5 — Spatial distribution of the mean intensity of agricultural drought events in the Karkheh river
basin during the 2001-2022 period, based on the standardized soil moisture index (SSMI) and the soil
moisture condition (SMC) index.
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Table 2 — Pearson and Spearman correlation coefficients between agricultural drought indices (SSM1-12)

and meteorological drought indices (SP1-12 and SPEI-12) at selected stations in the Karkheh River Basin
during the 2001-2022 period.
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Figure 6 — Time series and comparison of 12-month agricultural and meteorological drought indices
(SSMI-12, SPI-12, and SPEI-12) at selected stations in the Karkheh river basin during the 2001-2022
period.
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Figure 7 — Time series and comparison of 12-month agricultural and meteorological drought indices
(SSMI-12, SPI-12, and SPEI-12) at selected stations in the Karkheh river basin during the 2001-2022
period.
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