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Abstract

Background and objectives: Severe droughts and catastrophic floods are major challenges resulting
from climate change in the Zagros forest ecosystem. Climatic anomalies such as heat waves and
prolonged droughts can create favorable conditions for pest and disease outbreaks, leading to the decline
of oak forests. The Zagros oak forests are situated in semi-humid and semi-arid climatic zones and, due to
their location in the global dry belt, frequently experience recurrent droughts. The biodiversity and
ecological role of these forests, acting as a protective belt and natural barrier, highlight their significance.
Spanning 11 provinces and covering an area of 6 million hectares—accounting for 40% of Iran’s
forests—the management and planning of this ecosystem is highly complex due to its vast extent and the
influence of various environmental factors. Identifying areas that experience more frequent, prolonged,
and severe droughts can help forest managers mitigate damage and enhance adaptation to current and
future climate changes.

Methodology: To assess drought occurrence in the Zagros ecosystem, the Standardized Precipitation
Index (SPI) was utilized to analyze the temporal distribution of drought frequency, duration, and severity
over a 28-year period across three selected stations in northern, central, and southern Zagros. Based on
regional conditions and classifications from Iran’s National Drought Center, the SPI was categorized into
nine classes. The index was calculated for synoptic stations with a 28-year statistical record at 3-, 6-, and
12-month timescales using ClimPACT software. Given the vast study area, the Zagros region was divided
into three sections (northern, central, and southern), and drought severity and duration were visualized
through graphical representations. After evaluating drought intensity, duration, and frequency across all
stations with more than 28 years of data, the percentage of drought-affected areas was calculated for the
entire Zagros ecosystem over a common statistical period (1992-2019). The spatial distribution of
drought severity during peak drought years was mapped using the ordinary kriging method in ArcGIS
software. By identifying years when widespread drought affected the entire Zagros, regions experiencing
severe and extreme droughts were classified as critical zones for conservation and research efforts.
Results: The findings indicate no significant difference in drought severity across northern, central, and
southern Zagros; however, the timing of the most severe drought events varies. Across all timescales, the
longest drought period occurred between 1999 and 2001, coinciding with the onset of forest decline in the
Zagros. Notably, from 2007 to 2017, more than 40% of the Zagros region experienced prolonged drought.
While droughts can extend over hundreds of kilometers, their intensity and duration are not necessarily
uniform across the entire region. Analysis of drought extent from 1992 to 2019 revealed that during
certain years, such as 2006 and 2018, no drought events occurred, and the entire Zagros experienced wet
conditions. In some years, mild droughts affected less than 10% of the region. However, between 2007
and 2017, more than 40% of the Zagros suffered from prolonged droughts, with certain years, such as
2008, experiencing drought conditions across the entire ecosystem. During this period, in 2010, over 80%
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of the Zagros region faced drought, and in 2017, this figure exceeded 70%. Notably, before this
prolonged dry period, a relatively wet phase lasted for nearly five years.

Conclusion: While multiple factors have contributed to the decline of the Zagros forests, drought
has been a primary driver, facilitating the impact of other stressors. The extended duration of
droughts has hindered the recovery of trees, while the extreme severity of events—such as the
2008 drought, which affected the entire Zagros—has exacerbated forest decline. Although
alternating wet and dry periods are characteristic of the Zagros climate, prolonged drought
episodes have heightened ecosystem vulnerability. Severe droughts, when followed by a wet
year, tend to have less impact compared to persistent mild droughts. Identifying areas subject to
severe and continuous droughts can aid forest managers and policymakers in implementing
effective conservation and restoration strategies.
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Figure 1. Location of the study area
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Table 1. Location of used synoptic stations

Synoptic Station province Latitude Longitude elevation
Piranshahr Azarbyjan 36.70 45.15 1443.50
Sardasht Azarbyjan 36.15 45.49 1556.80
Mahabad Azarbyjan 36.75 45.72 1351.80
Oshnaviyeh Azarbyjan 37.06 45.14 1415.90
Thrush Kordestan 36.22 46.31 1522.80
Sanandaj Kordestan 35.25 47.01 1373.40
Marivan Kordestan 35.50 46.15 1287.00
Baneh Kordestan 36.01 45.90 1600.00
Kermanshah Kermanshah 34.35 47.15 1318.50
Islamabad Kermanshah 34.12 46.47 1348.80
Ravansar Kermanshah 34.72 46.65 1380.00
Yasouj Kahgiloueh_Boyerahmad 30.70 51.56 1816.30
Sisakht Kahgiloueh_Boyerahmad 30.84 51.47 2133.40
Darehshahr llam 33.14 47.41 670.00
Dehloran Ilam 32.68 47.30 232.00
llam llam 33.59 46.40 1337.00
Ivan Ilam 33.76 46.36 1290.00
Ezeh Khozestan 31.85 49.85 767.00
Kohrang Chaharmahal_Bakhtiari 32.46 50.13 2365.00
Borujen Chaharmahal_Bakhtiari 31.98 51.30 2260.00
Farsan Chaharmahal_Bakhtiari 32.26 50.56 2062.00
Ardal Chaharmahal_Bakhtiari 32.01 50.66 1873.00
Lordegan Chaharmahal_Bakhtiari 31.50 50.83 1611.00
Kohdasht Lorestan 33.52 47.65 1197.80
Delfan Lorestan 34.05 48.00 1859.00
Alashtar Lorestan 33.82 48.25 1567.10
Poldokhtar Lorestan 33.15 47.72 713.50
Khorramabad Lorestan 33.44 48.28 1147.80
Nyriz fars 29.19 54.35 1632.00
Sepidan fars 30.23 52.00 2201.00
Noorabad fars 30.07 51.54 972.00
Doroodzan fars 30.21 52.42 1642.00
Zarghan fars 29.78 52.70 1596.00
Shiraz fars 29.56 52.60 1488.00
Kazeroun fars 29.60 51.65 840.00
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Table 2. SPI index values

SPI Range Drought and wet
classification
- 0.49 < SPEI < +0.49 Near normal
-0.99 <SPEI<-0.5 Mild dry
-149<SPEI<-1 Moderately dry
-1.99<SPEI<-15 Severely dry
SPEI < -2 Extremely dry
+0.5 < SPEI < +0.99 Mild wet
+1 < SPEI < +1.49 Moderately dry
+1.5 <SPEI <+1.99 Very wet
+2 < SPEI Extremely wet
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Figure 2. Frequency, intensity and duration of drought based on 3-month SPI index in North Zagros (sardasht)
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Figure 3.Frequency, intensity and duration of drought based on 3-month SPI index in Middle Zagros (Ilam)
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Figure 4. Frequency, intensity and duration of drought based on 3-month SPEI index in South Zagros
(Lordegan)
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Figure 5. Frequency, intensity and duration of drought based on 6-month SPI index in North Zagros (sardasht)

station: ilam$5 [33, 45], index: SPI6

SPI6

T T T T T T T T
1985 1990 1995 2000 2005 2010 2015 2020
Year

() 5l oS5 5 asle & SPI el ulul SeSas FEISCIPRGINV- ISP S RS e
Figure 6.Frequency, intensity and duration of drought based on 6-month SPI index in Middle Zagros (Ilam)
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Figure 7. Frequency, intensity and duration of drought based on 6-month SPEI index in South Zagros
(Lordegan)
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Figure 8. Frequency, intensity and duration of drought based on 12-month SPI index in North Zagros (sardasht)
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Figure 9. Frequency, intensity and duration of drought based on 12-month SPI index in Middle Zagros (Ilam)

station: lordegan total [31.5, 50.83], index: SPI12
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Figure 10. Frequency, intensity and duration of drought based on 12-month SPEI index in South Zagros
(Lordegan)
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