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The aim of the study was to evaluate long-term trends in precipitation and consecutive
dry days (cDD), and their association with the decline in Zagros forests. Daily
meteorological data were obtained from Kermanshah and Khorramabad synoptic
weather stations and analyzed for a 49-year period (1975-2023). The Mann-Kendall (MK)
test was used to assess the trends in precipitation and CDD, and the t-test was applied to
compare the mean values. For this purpose, precipitation values less than 0.1 mm for
rainy days and less than 1 mm for dry days were excluded, respectively. The mean annual
precipitation (+SD) was 418+104 in Kermanshah and 485+130 in Khorramabad, and no
significant trend was detected. Before the decline, mean annual precipitation was 438 +
107 mm and 501 + 121 mm in Kermanshah and Khorramabad, respectively. In the period
after the decline, annual precipitation reduced to 390+95 mm in Kermanshah and
465+143 mm in Khorramabad, with no significant trend detected. The mean annual
number of dry days exhibited a significant increasing trend in both Kermanshah (Zmk =
4.54) and Khorramabad (zwk = 4.25). The mean maximum annual CDD was 142 days
(maximum: 202) in Kermanshah and 145 days (maximum: 195) in Khorramabad. We
detected statistically significant increasing trends in the mean annual CDD at both
stations (zwx=4.15 in Kermanshah and 3.04 in Khorramabad). Annual precipitation
changes are not the main driver of oak decline in the Zagros. Longer and more
constant dry periods, reflected in the cpD index, along with rising temperatures, have
increased water stress and reduced forest resilience.
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EXTENDED ABSTRACT

Introduction: Climate change, as a major global challenge, has led to long-term alterations in temperature and precipitation
patterns. Iran, with an annual emission of 616 million tons of CO»,, is recognized as the world's seventh-largest greenhouse gas
producer. The Zagros Forest habitat spans six million hectares and is dominated by the Quercus species. In recent decades, this
region has experienced widespread oak decline, a phenomenon affecting more than 1.35 million hectares of this area. The
Consecutive Dry Days (CDD) index is considered an important indicator for assessing oak decline and its associated risks.
Despite the importance of this index, few studies in the Zagros region have performed standardized quantitative analysis of its
long-term trends. Therefore, the objective of this research was to analyze the long-term trends of the CDD index and to
investigate its association with oak forest decline in the Kermanshah and Khorramabad provinces of the central Zagros. Given
that such an analysis is essential, it is necessary to understand forest ecosystem responses to climate change and to develop
effective adaptive management strategies. The driver of the decline is complex and emerges from the interaction of multiple
factors. However, existing evidence suggested that climatic changes including decreased precipitation and rising temperatures
coupled with anthropogenic pressures such as overgrazing, have severely reduced the resilience of this semi-arid ecosystem.

Materials and Methods: This study aims to evaluate long-term trends in precipitation and CDD, and their association with oak
decline in the Zagros forests. Daily meteorological data were obtained from the Kermanshah and Khorramabad synoptic weather
stations and statistically analyzed over a 49-year period (1975-2023). The Mann-Kendall (MK) test was used to assess long-
term trends, and the t-test was applied to compare mean values at a 95% confidence level. For this purpose, precipitation values
less than 0.1 mm for rainy days and more than 1 mm for dry days were excluded, respectively. The climate type was determined
using the De Martonne aridity index (Ipm). The trends in precipitation and the CDD index were analyzed at the annual scale and
across two periods: before the decline (1975-2002) and after that (2003—2023). Homogeneity of variances was also checked
using Bartlett’s test. All statistical analyses were conducted with Microsoft Excel software.

Results and Discussion: The results indicated that both Kermanshah and Khorramabad stations are characterized by a semi-
arid climate. The mean annual precipitation during the 49-year period was 418 mm in Kermanshah and 485 mm in Khorramabad.
Long-term trend analysis of annual precipitation showed no statistically significant trend at both stations based on the Mann—
Kendall test (Zmk=-1.27 and -1.55). Although mean annual precipitation and the number of precipitation events decreased at
both stations after the onset of the oak decline (post-2003), from 438 to 390 mm in Kermanshah and from 501 to 465 mm in
Khorramabad, these reductions were not statistically significant. The mean precipitation event size also remained relatively
constant. These observations suggested that changes in precipitation alone cannot be considered the direct and exclusive driver
of oak tree decline, and changes in other climatic variables, particularly temperature, have likely contributed to its acceleration.
Analysis of the CDD index revealed more significant changes compared to precipitation. The mean annual number of dry days
(precipitation <1 mm) was 313 days in Kermanshah and 309 days in Khorramabad, corresponding to 87% and 85% of the year,
respectively. The long-term trend in the annual number of dry days showed a statistically significant increase at both stations
(Zymx=4.54 in Kermanshah and 4.25 in Khorramabad). Moreover, the mean annual number of dry days increased significantly
by approximately 13 days after the emergence of the decline. Interestingly, the mean annual number of dry periods decreased
in the post-decline period, indicating that dry periods have become fewer in number but longer in duration. This pattern was
confirmed by a statistically significant increasing trend in the mean annual CDD at both stations (Zyk=4.15 in Kermanshah and
3.04 in Khorramabad). In other words, prolonged and consecutive dry spells (considered a climate extreme indicator), have
intensified. This shift in drought patterns may impose additional physiological stress on oak trees by reducing soil moisture,
weakening trees, and potentially increasing susceptibility to pests and diseases. Although the impact of total precipitation on
decline was not significant, the changes in the temporal pattern of precipitation and the extension of consecutive dry periods
appeared as a key climatic factor in exacerbating oak decline in the Zagros Forests. These findings are consistent with global
studies confirming the importance of the CDD index in monitoring forest health of arid and semi-arid regions. In summary, a
combination of various factors, including rising temperatures, a slight decrease in precipitation, and most importantly, an
increase in the length and intensity of consecutive dry periods, has reduced the resilience of the Zagros forest ecosystem and
accelerated the emergence and spread of oak decline.

Conclusion: The study found that annual precipitation changes are not the main driver of oak decline in the Zagros, as the
reduction was not statistically significant. However, longer and more constant dry periods, reflected in the CDD index, along
with rising temperatures, have increased water stress and reduced forest resilience. Monitoring climate extreme indicators such
as CDD is essential. Applying adaptive management measures such soil moisture conservation, runoff control, and using
drought tolerant species alongside extending similar analyses to additional sites across the Zagros region.
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