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Abstract

Introduction

Climate change is one of the greatest challenges of our time to achieve sustainable development. The dangers of global
warming and climate change can be recognized and planned for, so efforts should be made to identify the
consequences and methods of adaptation to reduce their impact, as trees and plants are sensitive to climate change,
heat and moisture stress, and forest ecosystems are affected by these changes. Climate change is one of the greatest
challenges of our time to achieve sustainable development. The threats of global warming and climate change can be
identified and planned for, so efforts should be made to determine the consequences and methods of adaptation and
reduce their impacts because the sensitivity of trees and plants to climate change, heat, and moisture stress, forest
ecosystems are affected by these changes. Forest degradation due to climate change is a global phenomenon affecting
many tree species. One of the major challenges to Iran's natural resources is the degradation of oak forests. The
increase in temperature in recent years has lengthened the growing season of Iranian oak, and due to the lack of rainfall,
the intensity of water stress on this forest species has increased. Understanding the extent of climate change in the
Zagros ecosystem based on standard indicators that show climate change can help managers and planners take action
to adapt to conservation and restoration conditions.

Materials and Methods
In this study, based on the standard indicators established and updated by the World Meteorological Organization, the

occurrence of climate change in six sites monitoring the decline of oak trees in Ilam Province, including Sarabeleh, Mala
Siah, and Dalab Strait was detected in both north and south directions. The trend slope line, trend slope error, and trend
significance of the indices in the statistical range P value=0.05 were calculated using ClimPACT software in the R program
environment. The characteristics of heat, cold, combined, and precipitation indices such as day, number of occurrences, and
continuity of the index in the nearest synoptic station to each site were identified, and daily data of minimum temperature,
maximum temperature, and precipitation parameters were used between 1987 and 2019. The variations of each index were
plotted and analyzed as graphs in the R software environment. Accordingly, the trend slope and significant indices affecting
heat stress (hot and cold temperatures) and water stress were calculated with the software ClimPACT in the R program
environment.

Results and Discussion
The results of the trend and significance of thermal indicators for climate change detection showed that of the 16 heat indices

studied, in Ivan station, 11 indicators showed a significant trend of about 70 %. In llam, nine indicators showed a significant
trend of about 56 %. The heat-based temperature indices, especially those based on maximum temperatures, showed a
substantial change toward warming, while those based on minimum temperatures showed no significant trend. The study of
heat waves showed that the northern and northwestern regions of the province were subjected to several periods of heat
waves, which occurred with greater frequency and continuity in the northwest part of the province (Malah Siah and Dolab
Strait sites) than in the northern part (Sarab sites) of the Province, confirming the emergence of high mountain regions as a
result of climate change. Cold-based temperature indices of eight studied indices in lvan-e-Sorchrove station, Seven indices
were above 87 % and Ilam three was about 38 % the trend was significant cold-based temperature indices in lvan West
station show a significant change in the direction of a decrease of frost and cold and their persistence and warming, and in
Ilam station, the decrease of cold and warming of air after 2008 indicates a decrease of cold and warming. The results of the
trend and significance of the combined indices for climate change detection in Ivan West station were 100 % and in Ilam
station, 50% showed a significant trend. The combined indices confirm climate change in terms of an increase in air
temperature due to an increase in the growing season and an increase in the trend of change in maximum temperature. The
study of the trend and significance of ten precipitation indices related to the frequency and intensity of heavy rainfall and the
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length of dry and wet periods showed only one index in Ivan-e-West station, which was about 10 %. The station llam did not
show significant changes in the precipitation index.

Conclusion
It can be concluded that the Zagros vegetative region in llam Province has experienced severe thermal changes from 1987-

2019 and climate change in the north of Zagros vegetative region is a type of temperature increase that has been extended to
the northwestern regions of this region since 2008. The results show that in deterioration sites, in addition to increasing
temperature, some precipitation has increased. Therefore, it can be said that the occurrence of climate change phenomenon
causes increasing temperature, occurrence of floods, the emergence of droughts, and the creation of dust phenomenon,
especially from neighboring countries and intensifying in the country, all of these factors are the starting factors of the
decline of Oak trees in llam province. What seems to be important is to take necessary measures to prevent and mitigate the
effects of climate change. These two measures can be effective and useful in reducing the effects of flood severity and risk.
Therefore, managers and planners of forest ecosystems should have adaptive strategies to climate change to maintain and
revive their executive plans so that Zagros can survive as a forest ecosystem. Although the occurrence of climate change
phenomenon is one of the most important factors of drought and deterioration of Zagros forests, conservation and restoration
of oak forest ecosystems can help reduce greenhouse gas emissions and climate change.
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Figure 1- Location of the study area and deterioration sites of Oak trees in llam Province
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Table 3- Climate change detection indicators provided by ETCCDI
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Figure 3- Trend changes and significance of hot days (summer) index (SU25) in llam and lvan Gharb synoptic stations
station: ilam5 [33, 45], index: 2TX2TN station: evan1 [33.7, 46.3], index: 2TX2TN
o | ; =
h I\ I
| f | J‘ \1
( \ ® - 't /%'
A | I ‘ | Ao
; f “ { ‘\(% \
i - ay |
| ) 7 I "
J ¥ S : ~] ; 55 y !
i ] T A f A A
[ { LS A O & ' 1\ f f 1871 i
[ N / \
[ [ ey I {4 Lilgatt o X1
\ { \ J [ | A
\ | | . | /A - -
§ ¥ by i J ! li,\.—fr’l = s / x T . T S \] ! ‘J
\ i I.‘\_ | \ "+J | ’1 :K l,'\—’f’— ‘\‘ f
\ PO R == o TN \ { H
\ ,J(_-—' { i \f | e VT \
\ il Voo AR VL
S el ey 4 Ll 8 1 g0 VY o
1 9‘90 1 9‘95 20‘00 2(;05 20‘10 ZOI15 20‘20 1995 20‘00 20‘05 20‘1 0 20‘|5 2020

Linear (;e':':‘& slope=0.025 Slope error=0.019, p-value= 0.185

4 scalterplol smocthng Year
Linear trend slope= 0.084 Slope error=0.024 , p-value= 0.002

U)‘Q‘}.’.' 9 PM‘.’.l &@w dubw‘ » (TXZTNZ) fc; ‘;"929 w:: 9393959 ‘_,»lw ‘_g)lbu&o 9 Mg, u‘M’ -£ JSAH
Figure 4- Changes in the trend and significance of the index of two consecutive hot days and two nights (TX2TN2) in the synoptic
stations of llam and lvan Gharb
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Figure 5- Trend changes and significance of cold days percentage index (TX10p) in llam and Ivan Gharb synoptic stations
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Figure 6- Changes in the trend and significance of the growing season length index (GSL) in llam and Ivan Gharb synoptic stations
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Figure 7- Changes in the trend and significance of consecutive dry days index (rainfall less than 1mm) (CDD) in llam and lvan
Gharb synoptic stations
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Table 4- The results of examining the trend and significance (P-value) of the climate change detection indicators (Significant: 5%0)
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Pvalue Llnesaiz)ggend Significant Trend Pvalue Trealgesaiz)pe Significant ~ Trend ol ol =
0.37 0.06 No + 0.78 0.01 No + TNn 1
0.07 0.07 Yes + 0.12 -0.052 No _ TNx 2
0.68 0.02 No + 0.15 0.054 No + TXn 3
. 0.09 Yes + . 0.09 Yes + TXX 4
0.002 0.08 Yes + 0.18 0.02 No + 2TX2TN 5
0.002 0.62 Yes + . 0.64 Yes + SuU25 6
. 0.90 Yes + 0.861 Yes + SU30 7
. 0.26 Yes + . 1.42 Yes + SU35 <l 8
. 1.21 Yes + . 1.29 Yes + TX50p (16) 9
0.65 Yes + . 0.75 Yes + TX90p 10
0.4 Yes + 0.05 -0.17 Yes _ TN9Op 11
. 1.81 Yes + . 15 Yes + WSDI2 12
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Table 5- The results of examining the trend and significance of climate change detection indicators
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