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with a unique response to climate change. Investigating the long-term trend of changes in
this ecosystem and their response to climate change is necessary for sustainable
management, increasing understanding of the impact of climate change and the global
carbon cycle. The importance of this type of research in the Hyrcanian forests Within the
geographical range of 5°35'45" to 15°3826"” North and 45°38'33" to 11°15'56" East,
which have been introduced by UNESCO as one of the most unique mountain ecosystems
in the world, is twofold due to the faster changes of climatic parameters at high altitudes as
well as the existence of a different bioclimate. Therefore, the aim of the current research is
to investigate the long-term trend of Hyrkanian forests in time and space and their
relationship with changes in climatic parameters.

Methods: For this purpose, the MOD13Q1 and MYD13Q1 products of the MODIS sensor
were combined and a time series with an interval of 8 days and a spatial separation of 250
meters was prepared from the EVI vegetation cover index for the period from 2003 to
2020. Also, data from synoptic stations that were less than 10 km from the forest were
prepared and a time series of average minimum temperature (T_min), average maximum
temperature (T_max) and total precipitation (P) every 8 days (corresponding to the date of
EVI data) For each station, it was built in the mentioned time period. Then the Kendall test
and its significance were used to investigate the long-term change trend of Hyrkanian
forests and the Pearson coefficient was used to investigate the correlation of climatic
parameters with the average EVI in the forest areas that are 5 and 10 km away from the
meteorological station.

Results: The results of the long-term trend showed that greening and browning
phenomena have occurred in 77 and 23% of the region, respectively, of which 34.54% of
the region includes 30.56% of greening trends and 3.98% of browning trends at p < 0.01.
They are meaningful. Also, significant greening trends at the levels of p < 0.01 to p <0.05
and p < 0.05 to p < 0.10 respectively in 11.19 and 6.22% of the region and significant
browning trends at the levels of p < 0.01 to p < 0.05 and p < 0.05to p<0.10 respectively
in 2.20 and It occurred in 1.61% of the region. The Pearson correlation between EVI and
climatic parameters showed that EVI has a positive and strong correlation with
temperature (more than 0.6) and a weak correlation with precipitation (between 0.11 and -
0.181).

Conclusion: Overall, the present study confirms Greening for Hyrcanian forests over an
18-year time span, and identifies temperature as its main climatic factor.
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Extended Abstract

Introduction

Forests play a crucial role in the biosphere by providing goods and services such as food, medicinal resources,
soil stabilization, erosion prevention, recreational opportunities, and aesthetic values. They are integral to the
global climate system through energy, carbon, and water exchanges between the biosphere and the atmosphere
(Parida et al., 2020; Abbasnezhad et al., 1399). In recent decades, climate change has profoundly affected
biodiversity, forest productivity, and carbon stocks, exacerbating global warming, one of the 21st century's most
pressing concerns (Forkel et al., 2013; Ghanbari et al., 2022). Understanding long-term forest dynamics and their
relationships with climate variables like precipitation, temperature, and evapotranspiration has become a priority.

Remote sensing technology has enabled large-scale and systematic monitoring of forest ecosystem dynamics.
Vegetation indices, derived from satellite data, have proven particularly effective for studying long-term trends.
Among these, the Enhanced Vegetation Index (EVI) is a valuable proxy for vegetation cover and photosynthetic
capacity, offering advantages over NDVI, such as reduced sensitivity to atmospheric effects and a lower
likelihood of saturation in dense vegetation (Qiu et al., 2018; Kiapasha et al., 2017). MODIS-derived EVI time
series provide consistent data at spatial resolutions of 250 to 1000 meters and temporal intervals of 16 days (Liu
et al., 2016). Long-term changes in EVI reveal trends of greening (increasing vegetation) and browning
(decreasing vegetation) that reflect both climatic and anthropogenic influences (Yu et al., 2020; Burrell et al.,
2017). This study focuses on analyzing the spatial and temporal trends of the Hyrcanian forests using MODIS
EVI data. Additionally, it investigates the impacts of climatic parameters, including minimum temperature
(T_min), maximum temperature (T_max), and precipitation (P), on these trends over the period 2003-2021.

Materials and Methods

The Hyrcanian forests are located along the southern coast of the Caspian Sea in northern Iran, within the
geographical range of 35°35'45" to 38°26'15” North and 48°38'33” to 51°15'56" East. These deciduous
mountain forests are characterized by their rich biodiversity and unique ecological significance. They span a
broad elevation gradient from sea level to 2,800 meters and encompass various vegetation communities,
including Parrotio-Carpinetum and Fagetum hyrcanum. The forests are influenced by a distinctive climate, with
annual precipitation ranging from 1,000 to 1,800 mm and annual temperatures fluctuating between 10°C and
18°C. For this study, Enhanced Vegetation Index (EVI) data from the MODIS sensor were utilized, specifically
the MOD13Q1 and MYD13Q1 products. These datasets provide 8-day composite time series at a 250-meter
spatial resolution, corrected for atmospheric disturbances and Bidirectional Reflectance Distribution Function
(BRDF) effects. The time series spans the period from 2003 to 2020 and represents a valuable resource for
analyzing vegetation dynamics.

Meteorological data were obtained from synoptic stations located within 10 km of the forested areas. For
each station, time series of climatic parameters, including average minimum temperature (T_min), average
maximum temperature (T_max), and total precipitation (P), were constructed for the same 8-day intervals as the
MODIS EVI data. These time series ensure consistency in temporal resolution, facilitating robust comparisons
between climatic variables and vegetation dynamics. The data processing steps involved several key procedures:

Time Series Analysis: Seasonal components in the EVI data were removed using standard detrending
formulas to isolate long-term patterns.

Trend Analysis: The Kendall test was employed to evaluate the significance of long-term trends in EVI
values across the Hyrcanian forests. This non-parametric statistical method is widely recognized for its
robustness in detecting monotonic trends in environmental datasets. Results were mapped at significance levels
of 1%, 5%, and 10%.

Correlation Analysis: The Pearson correlation coefficient was calculated to quantify the relationships
between climatic variables (T_min, T_max, and P) and the average EVI values. This analysis was performed for
forest areas situated within 5-km and 10-km buffers around the synoptic stations.
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Results

The analysis of MODIS EVI time series data revealed notable spatial and temporal trends in the Hyrcanian
forests. Approximately 77.02% of the forested region exhibited greening trends, while 22.98% experienced
browning. Among the greening trends, 30.56% were statistically significant at the 1% confidence level, with
additional greening trends showing significance at 5% (11.19%) and 10% (6.22%) levels. Conversely, browning
trends accounted for 3.98%, 2.20%, and 1.61% at 1%, 5%, and 10% confidence levels, respectively. These
findings highlight the dominance of greening trends across the Hyrcanian forests, particularly in central and
western regions, while browning was more prevalent in the eastern areas. Spatial analysis revealed that greening
trends were closely associated with areas of less anthropogenic disturbance, whereas browning trends were
linked to regions impacted by land-use changes, pest infestations, and drought (Kiapasha et al., 2017; Pravalie et
al., 2022). Greening was especially prominent in areas with increasing minimum and maximum temperatures
(T_min and T_max), indicating their role in enhancing vegetation growth and photosynthesis. Pearson
correlation analysis confirmed strong positive relationships between EVI and T_min (r = 0.645) and T_max (r =
0.648) across meteorological stations. Interestingly, precipitation (P) exhibited a weak negative correlation with
EVI (-0.07 to -0.18), suggesting that increased precipitation may have a less pronounced impact on vegetation
trends compared to temperature. These results align with global findings that temperature plays a dominant role
in driving vegetation dynamics (Pravalie et al., 2022; Li et al., 2021). The analysis underscores the importance of
using high-resolution and systematic datasets, such as MODIS EVI, to assess forest ecosystem dynamics under
climate change influences.

Conclusion

This study highlights the critical role of climatic factors in shaping the long-term dynamics of the Hyrcanian
forests. Greening trends were primarily associated with increasing temperatures, which stimulate vegetation
growth and photosynthesis. Conversely, browning trends were linked to disturbances such as drought, pest
outbreaks, and human activities like deforestation and land conversion. These findings underscore the
importance of temperature as a key driver of forest dynamics in the Hyrcanian region. The results demonstrate
the utility of MODIS EVI data and Google Earth Engine (GEE) as powerful tools for monitoring forest dynamics
and assessing the impacts of climate change. Such insights are vital for developing effective strategies for the
sustainable management of these ecologically significant forests. Future research should focus on integrating
high-resolution datasets and exploring other climatic and anthropogenic drivers to enhance our understanding of
forest ecosystem responses.
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