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sensor. Tehran. Drought is an important and influential consequence of climate change. Accurate
monitoring and assessment of changes in the level of exposure to drought can help
planners and policymakers adopt appropriate management strategies to reduce negative
impacts and adapt to new conditions. Due to its specific geographical location and semi-
arid climate, Tehran faces frequent periods of drought, and this issue not only affects
the quality of life of residents but also constitutes a serious threat to the sustainable
development of the city. This study seeks to analyze the correlation between different
Received drought indicators and evaluate their efficiency under the climatic conditions of Tehran in
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07 Jul 2025 order to provide a suitable model for monitoring and managing drought in metropolitan
areas. The results of this study can provide a scientific basis for management decisions
. in the field of urban water resources.
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Materials and Methods
In this study, the SPI, SPEI, PDSI, VCI, TCI, PCI, and SMCI indices were used for
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17 Sep 2025 drought monitoring. The SPI (Standardized Precipitation Index) is calculated based

on deviations of precipitation from the historical average and is suitable for assessing
hydrological drought. The SPEI (Standardized Precipitation Evapotranspiration Index)
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Adaptive Drought Monitoring with an Integrated

considers evapotranspiration and water balance in addition to precipitation and is useful for areas
sensitive to temperature changes. The PDSI (Palmer Drought Severity Index) is a comprehensive
model that combines soil moisture, precipitation, and temperature and indicates the severity of long-
term drought. The Vegetation Condition Index (VCI) uses NDVI data to assess vegetation health.
The Temperature Condition Index (TCI) measures heat stress based on land surface temperature. The
Precipitation Condition Index (PCI) is used to determine drought conditions based on precipitation
data, and the Soil Moisture Condition Index (SMCI) is used to determine drought conditions based
on soil moisture. The drought classes for the different indices are specified.

Meteorological data were collected from various sources over a 22-year period from January
2000 to December 2022. Although this period is shorter than the standard minimum of 30 years, it
was selected due to the limited availability of reliable and continuous meteorological data and its

compatibility with the length of the available MODIS data record.

Results and Discussion

Analysis of monthly temporal trends of drought shows that the VCI index has high sensitivity to
vegetation cover responses to moisture changes, with extreme variations ranging from 20% during
dry periods to 70% during wet periods. Analysis of the TCI index reveals that thermal stress has
had a significant impact on drought intensity. This index decreased to 30% in hot months (such as
August 2016) and reached 65% in cooler months. The SPI index declined to —2.5 during severe
droughts (January 2008) and increased to +1.7 during wet periods (March 2012). The SPEI index,
which accounts for evapotranspiration, indicates that rising temperatures during warm months have
had a compounded effect on drought severity. The SMCI index, as a measure of soil moisture, shows
sharp fluctuations, ranging from 15% during dry periods to 70% during wet periods.

Analysis of seasonal temporal trends of drought shows that summer, as a critical season, exhibits the
greatest vulnerability to drought. The graphs indicate that during the summers of 2008, 2010, and
2016, all indices declined sharply and simultaneously. The TCI index reached its lowest values during
these periods, indicating severe heat stress. These conditions were accompanied by a simultaneous
decrease in the SMCI index, reflecting a substantial reduction in soil moisture. In contrast, the fall
season shows a different pattern. In the falls of 2009 and 2011, the SPI index exhibited a notable
decrease, although this decline was less severe than in summer. Conversely, the falls of 2013 and
2019 were characterized by a relative increase in all indices, indicating an improvement in climatic
conditions. According to the graphs, winter generally exhibits more balanced conditions; however,
the winters of 2008 and 2016 were exceptions, during which the SPI and SMCI indices showed
significant declines. This seasonal analysis indicates that drought patterns in Tehran follow a distinct

seasonal cycle, although the intensity and duration of these patterns vary from year to year.
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The annual trends of vegetation-related indices also indicate significant changes (Mann—Kendall:
Z =-1.98, P < 0.05). Specifically, the VCI increased from 0.534 in 2000 to 0.612 in 2022. At the
same time, the TCI increased from 0.668 to 0.681, with a Sen’s slope estimated at +0.008 per year,
indicating increasing thermal stress. The SMCI index also shows a decline from 0.170 to 0.126 (Z =

—2.12, P < 0.05), indicating a significant reduction in soil moisture.

Conclusion

Due to their strong correlation and outstanding ability to reflect precipitation changes, rainfall-
related indices are the best option for assessing droughts caused by reduced rainfall. The role of
temperature and vegetation in intensifying or mitigating the effects of drought was also clearly
revealed in this study. The negative impact of temperature on increasing drought severity and the
positive role of vegetation in moderating these effects emphasize the importance of considering
these factors in climate analyses and in developing strategies to address drought. In general, the
analysis of various drought indices in Tehran indicates that the city has been continuously facing
drought conditions. The intensity and spatial extent of this phenomenon have varied depending
on the year and geographical location. The results of this study suggest that addressing drought in
Tehran requires comprehensive and multifaceted programs that consider all aspects of drought and

integrate multiple data sources.
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Table 2. Agricultural drought classes based on different indicators
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PDSI Index SPEI Index SPI Index SMCI Index PClIndex  TCI Index VCI Index Drought Class
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Severe drought
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Moderate drought
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Mild drought
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Fig 2. Time series chart of drought indicators on a monthly scale for the Tehran region (2000-2022)
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Table 3. Correlation between different drought indices on a monthly scale

SPL 24 SPL12 SPL9 SPL6 SPL3 SPL2 SPLI PDSI SPEl SMCI PCI TCI  VCI
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-0,01 -0,03 0,35 001  -053 0,62 05 020 098 0,56 -058 1,00 055 TCI
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Table 4. Correlation between different drought indices on a seasonal scale
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Table 5. Correlation between different drought indices on an annual scale
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