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Extended Abstract

Background and Objective: Drought, driven by water scarcity, disrupts forest dynamics, with
projections indicating an upward trend. Forest responses to drought vary based on climatic
conditions and environmental factors, making it essential to assess drought severity as a first step
toward effective management. Simulation models like Medfate offer valuable insights for predicting
drought and informing management strategies. This study evaluates drought conditions in northern
Iran’s forests, aiming to identify key influencing factors. The analysis incorporates structural (tree
height, diameter, and density), climatic (temperature and precipitation), topographic (slope, aspect,
and elevation), and soil-related (texture, acidity, nitrogen, and organic carbon) variables. Examining
drought indices in the Hyrcanian forests provides crucial information for water resource
management and conservation planning. The findings can support long-term predictions and
adaptive strategies to mitigate the impacts of climate change on these forests.

Material and Methods: This research was conducted across the entire Hyrcanian forest region in
northern Iran. Data were sourced from the national forest inventory, covering variables such as
geographic coordinates, elevation, slope, aspect, tree species, diameter, and height for each sample
plot. Meteorological data, including precipitation and temperature, were obtained from NASA’s
POWER project. After data collection, tree density per hectare and basal area were calculated. The
drought coefficient was estimated using the Medfate package in R. Generalized linear models
(GLM) and cross-validation with the caret package were used for data analysis, and the relative
importance of drought-influencing variables was determined. To develop a drought severity zoning
map, variogram analysis was conducted in GS+, followed by ordinary kriging for spatial
interpolation, with final refinements in ArcGIS.

Results: The GLM model demonstrated strong predictive performance for the drought index (R? =
0.57, MAE = 0.06, RMSE = 0.08). Analysis revealed that the drought coefficient had a significant
positive correlation with slope, forest density, basal area, sand percentage, soil nitrogen, and
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temperature. In contrast, elevation, diameter at breast height, organic carbon, and precipitation
showed a significant negative correlation with drought severity. Relative importance analysis
identified forest density, precipitation, and basal area per hectare as the most influential variables.
The kriging model confirmed a strong spatial structure (64%) for the drought coefficient. Model
validation indicated minimal bias and high accuracy in estimating drought severity (R*?=0.85, MAE
=0.09, RMSE = 0.01). The zoning map revealed that drought severity was higher in the eastern
Hyrcanian forests compared to the western regions.

Conclusion: This study highlights tree density as the most critical factor influencing drought
severity in the Hyrcanian forests. In high-density areas, intensified competition for water leads to
greater uptake by trees, depleting soil moisture. Additionally, increased evapotranspiration and
canopy interception further reduce available water, exacerbating drought conditions. The eastern
Hyrcanian forests are particularly vulnerable due to lower precipitation and humidity levels. These
findings emphasize the urgency of implementing targeted management strategies to mitigate
drought effects. One recommended approach is selective thinning in drought-prone areas to
alleviate water competition. Additionally, slope plays a significant role in drought severity,
underscoring the need for restoration efforts in highly affected regions. The study also underscores
the importance of further research on drought’s impact on biodiversity, forest health, and nutrient
cycling. The insights gained from this research can guide the development of conservation and
management strategies to enhance forest resilience in northern Iran.

Keywords: Climate change, Drought, Environmental factors, General Linear Model, Medfate
Package.
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Table 1. List, basic descriptive statistics, and abbreviation of environmental variables used in this

study
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Continued table 1.
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Figure 2. Pearson Correlation results of the studied variables - red and blue colors indicate significant

positive and negative correlation, respectively, and blank squares indicate no significant correlation
(n=2700).

Sl (Ao W) 68 S bl hls ples
2l S Ol 55 Koy S Jbe b5l S (izmas
DMde 350 55 el Sl S35 5 bl Sl
Ll (8 Jsds) cidls shan w0 SEE
—Cand IS sba 45 550 e sdalie Ghuag 428
SV o e S S G0 sl

(6 US2) oty b sbls 4 co

gLy

AV les dae ol S pols o 5 452 o

e Olsea 5 sl | (R?) s o b s
wals &Sl 4o Lo Ol (\Jfﬁjlj Jke
Qw.;)\x:ﬁjésﬁWUébﬁog{Q\j
u@\}fiJ;J?JJ@LQJML:;JKJWV\)ST)JJU
e b (SUs o 4S5l 0L il Ll s



SE e Sz o by (Sas 15 g S Jelge

Table 2. Evaluation results of the general linear model for predicting the drought in Hyrcanian forests

st Solay jo SSke e e 2 st 3lae 505 Slee
Root Mean Square Error Rsquared Mean Absolute Error
0.085+0.003 0.57+0.040 0.06+0.002

SIS e Sl o 350 S e il p5 alis <Y
Table 3. Values of the coefficients of the studied variables for drought prediction
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***: Indicates significance at the 0.0001 level, **: Indicates significance at the 0.001 level, and ns: Indicates non-significance.
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Figure 3. The relative importance of the studied variables for predicting the drought
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Table 4. The results of variogram parameters for drought
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Figure 4. Drought interpolation map in Hyrcanian forests using kriging method
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