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Climate change and global warming are very important issues of the present
century. Climate change process, especially temperature and precipitation
changes, the most important issue is environmental science. Climate change
means a change in the long-term average. Iran due to its proximity to the
equator and the subtropical high pressure zone at the regional shows in arid
and semi-arid. The densest forest area of Iran is between the Caspian Sea and
the southern Alborz Range, it’s called the Hirqani forest. At the 46th
UNESCO Summit of Hyrcanian Forests It was listed as the second natural
heritage of Iran. Beech is one of the most important tree species and the most
industrial species of Hyrcanian forests, The study area is located in the
Shanderman basin in western Guilan province, 202-year-old data were
obtained from growth rings of beech trees Reconstruction and time
adjustment was performed, In this research using tree dendroclimatology, Use
of vegetative width of beech tree rings, Weather station statistics located in
the study area, And Mann-Kendall nonparametric statistical method, To
Investigate Climate Change Trend on Growth Time Series and Pearson
Statistical Method, In order to evaluate the correlation of diameter growth of
beech tree rings with climate variables in the region, an attempt was made.
Results of time series of beech tree growth rings over 202 years. Using the
nonparametric method Mann- Kendall showed, Changes in growth rings of
beech trees have a downward and negative trend, at level 5 %, it was
significant. Temperature Minimum, Average, Maximum, and Evaporation
during the growing season, there was an upward trend and Annual
precipitation (1337-1395) there was a downward trend. Using the Pearson
method Fit correlation of growth ring diameter with temperature, For the
average monthly in February and the average minimum temperature in July,
August and September and Negative correlation, for average maximum
temperature in February, July, August and September at 95% level, it was
significant and precipitation in June, the correlation was 95% positive and
significant.
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Introduction

Climate change and global warming constitute some of the most critical challenges of the
21st century, profoundly impacting environmental systems worldwide. The process of
climate change, particularly regarding shifts in temperature and precipitation regimes,
represents a pivotal discussion within environmental sciences. Climate change is defined as
a alteration in long-term averages, distinct from short-term weather variability. Iran, situated
near the subtropical high-pressure zone, is predominantly characterized by arid and semi-
arid climates, making it highly susceptible to these shifts. The Hyrcanian forests, located
between the Caspian Sea and the southern Alborz mountain range, serve as a vital green belt
and were registered as Iran's second natural heritage site by UNESCO. Among the species
within this ecosystem, the Beech tree (Fagus orientalis) is one of the most industrially and
ecologically significant species. However, instrumental meteorological data in northern Iran
is limited to approximately 70 years, which restricts the analysis of long-term climate trends.
Dendroclimatology offers a solution by utilizing tree-ring widths as proxies for past climatic
conditions. This study aims to investigate the process of climate change in Guilan province
by analyzing a 202-year chronology of Beech tree growth rings, thereby extending the
climate record beyond the limitations of station data to identify long-term trends and
correlations between radial growth and climatic variables.

Material and Methods
The study area is located in the Shanderman basin in western Guilan province, specifically

within the Aram Japa series of the Masal county. This region encompasses 1,957 hectares of
mid-band and upper-band Hyrcanian forests, with elevations ranging primarily between 400
and 1,600 meters above sea level. The soil texture is sandy-loam, and the forest type is
broadleaf. For this research, 15 healthy, old-growth Beech trees were selected for sampling.
Criteria for selection included large diameter, lack of trunk twisting or injury, and
symmetrical crown coverage. Samples were taken as discs at breast height (130 cm) using a
chainsaw, ensuring the highest precision for radial growth measurement. The surface of the
discs was smoothed using sandpaper to make annual rings clearly visible. Ring widths were
measured from bark to pith with a precision of 0.01 mm. To ensure accuracy, cross-dating
was performed to match patterns between samples, and the Gliek (GLK) test was used to
calculate the variance matching percentage. The Expressive Population Signal (EPS) was
calculated to verify the reliability of the chronology, with values exceeding 0.85 indicating
sufficient sample depth. Non-climatic trends (such as age-related growth reduction) were
removed through standardization. The resulting 202-year tree-ring chronology (covering
approximately 1816 to 2017 AD) was analyzed using the non-parametric Mann-Kendall
statistical method to detect significant trends in growth and climate variables. Additionally,
the Pearson correlation method was employed using SPSS software to evaluate the
relationship between tree-ring diameters and monthly climate variables (minimum, average,
and maximum temperature, precipitation, and evaporation) obtained from local
meteorological stations (Shanderman, Masal, and Olsi Khvar).
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Results and Discussion

The analysis of the 202-year time series revealed significant insights into the region's
climatic history. The tree-ring chronology showed a mean width of 2.083 mm, with a
maximum growth of 2.863 mm recorded in 1951 (1330 SH) and a minimum of 1.101 mm in
2010 (1389 SH). The Mann-Kendall trend analysis indicated a statistically significant
downward and negative trend in Beech tree growth rings at the 95% confidence level. This
decline in radial growth correlates strongly with observed climatic shifts in the region.
Climate data analysis demonstrated an upward trend in minimum, average, and maximum
temperatures, as well as evaporation rates during the growing season. Conversely, annual
precipitation showed a significant downward trend, particularly over the last five decades.

The Pearson correlation analysis highlighted specific climatic drivers affecting tree growth.
A significant positive correlation was found between tree growth and average temperatures
in February (Bahman), suggesting that warmer late-winter temperatures may favor early
growth initiation. However, significant negative correlations were observed between growth
and temperatures during the summer months (July, August, and September). Specifically,
higher minimum and maximum temperatures in these months exerted stress on the trees.
This is physiologically explained by the fact that while temperature provides energy for
growth, excessive heat increases respiration rates beyond photosynthesis, leading to a net
loss of carbohydrates. Furthermore, high temperatures increase evaporation, causing
moisture stress. A significant positive correlation was also identified between tree growth
and precipitation in June (Khordad), indicating that early growing season moisture is critical
for cell division and expansion. The reduction in precipitation combined with rising
temperatures has led to increased drought stress, reducing the photosynthetic efficiency of
the Beech trees. These findings align with broader regional studies indicating that the
Hyrcanian forests are experiencing climate-induced stress, manifested in reduced growth,
increased vulnerability to pests and diseases, and potential shifts in forest boundaries. The
observed decline in growth serves as a biological indicator of climate change in northern
Iran.

Conclusion

This study confirms that climate change is actively impacting the Hyrcanian forests of
Guilan province. The 202-year dendroclimatic reconstruction reveals a significant decline in
Beech tree radial growth, driven by rising temperatures, increased evaporation, and
decreasing precipitation. The negative trend in growth rings is a direct biological response
to environmental stress, particularly heat and drought during the growing season. While
warmer late-winter temperatures show a positive effect, the overwhelming impact of summer
heat and moisture deficit poses a serious threat to the sustainability of these forests. Given
the ecological importance of the Hyrcanian forests as a UNESCO natural heritage site, these
findings underscore the urgency of implementing conservation strategies. Mitigation efforts
should focus on reducing greenhouse gas emissions, managing forest density to reduce water
competition, and monitoring pest outbreaks associated with climate stress. Preserving these
"living fossils" requires immediate attention to global warming trends and the adoption of
sustainable forest management practices to ensure their resilience against future climatic
extremes.
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