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Fig 1. Location of the study area
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Table 1. Results of analysis of variance for the GLM using the Likelihood Ratio Test (LRT)

i gl ke 35T a3 Sl il ST jlre i s s O 5030 Sl e ezl

Predictor variables Degree of  Deviance AIC LRT p-value
freedom

<None> - 173.29 189.29 - -

(,:a)l.lpcl:.d)'\ééj)l

1 208.09 222.09 34.80 0.0000
Altitude (m)
(e oslr 5l akusls

1 180.43 194.43 7.14 0.0075
Distance from roads (m)
() g sSme 3blio 3l alols

. . . 1 183.53 197.53 10.24 0.0014
Distance from Residential
areas (m)
(o) $3u3LES ol (s

. . 1 196.99 210.99 23.70 0.0000
Distance from agricultural
land (m)
Gade) Ak

1 195.48 209.48 22.20 0.0000
Precipitation (mm)
(;bfdﬂ,.ﬂ ax,3) les aueS

o 1 192.31 203.31 19.02 0.0000
Minimum Temperature
(°O
(:!ﬁgﬁl«a ay3) s J._<L.»

1 192.45 206.45 19.16 0.0000

Mean temperature (°C)
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Table 2. Estimated coefficients of the GLM for Mapping Forest Degradation
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Predictor variables Coefficient Standard of Error Z-value p-value

Intercept 10810 2858 3.78 0.0000

(o) b o 31 gl -0.01 0.002 -5.14 0.0000
Altitude (m)

() o3l 51 alols -0.002 0.0006 -2.59 0.0095
Distance from roads (m)

(o) 5 sSan Gblie 5l alsls -0.002 0.0009 -2.81 0.0049
Distance from
Residential areas (m)

Goss Lol & Ssp -0.003 0.0006 -4.29 0.0000
()
Distance from
agricultural land (m)

Grogdas) sl -1.30 0.32 -4.02 0.0000
Precipitation (mm)

(518 le 4z 33) Lo weS 2077 549.6 3.78 0.0002
Minimum Temperature
°O

(>|)§J‘JL~ ay3) s JKJLA 2382 628.5 3.79 0.0001

Mean temperature (°C)

LB i b e plad 8 e (x| a4l Intercept

Intercept: The baseline logit of degradation probability when all predictor variables are set to zero.
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Table 3. Relative importance of predictor variables based on the GAM
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Predictor variables

Relative importance

(G b a5 glis |
Altitude (m)

Cod 4o

Slope degree

() e Jb
Slope-length (m)

sL

Wind effect

() o3l 5l alols

Distance from roads (m)
() (G sSmsn Gble Sl 4l
Distance from Residential areas (m)

(o) $303las oyl o (Sosy

8.41

5.80

2.24

9.78

15.14

26.62

15.18
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Distance from agricultural land (m)
Cregdes) 2oL

Precipitation (mm)

(518 Sl 4 33) Lo S

Minimum temperature (°C)

GLE 5l am53) Loy . SLs

Mean temperature (°C)

I8 Sl azmy3) Los aly

Maximum temperature (°C)
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Fig 3. Partial dependency plot for each predictor variable (a: altitude, b: slope, c: slope-length, d: wind effect,

e:distance from road, f: distance from residential areas, g: distance from agricultural land, h: precipitation, i:
minimum temperature, j: mean temperature, k: maximum temperature)
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Fig 4. Zoning of forest degradation probability using the logistic regression
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Table 4. Area forest degradation probability for each class based on logistic regression and GAM models

Models taJuas b Lo 520 sLs by
Low Moderate High Very high
Logistic regression 48.37 0.50 0.80 17.16
GAM 38.35 6.94 5.57 15.97
GAM 5 Sz S g S5 Jo 55 55 owion szl gl O Jgur
Fig 6. Models performance in LR and GAM
das 3Ses pova 5 i L o e Sl S
Models AUC Kappa Sensitivity Specificity
coefficient
Logistic regression 0.895 0.73 0.85 0.78
GAM 0.978 0.87 0.95 0.93
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Abstract

As the degradation of forest cover in the Hyrcanian
forests intensifies, the need for accurate and
predictive modeling to identify critical areas has
become increasingly urgent. This study aims to
improve the accuracy of deforestation risk mapping
by comparing the performance of the Logistic
Regression (LR) model and the Generalized
Additive Model (GAM) in a GIS and R
environment. The study area is located in the Nav
forests, Rezvanshahr county in the western part of
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the Gilan province, which faces multiple challenges
such as agricultural expansion, road construction,
and increasing human settlements. In this study, 14
environmental and anthropogenic variables were
initially identified as influential factors. Following
a multi collinearity analysis, three variables aspect,
landform, and slope curvature were excluded due to
high collinearity. The remaining 11 variables were
subsequently included as inputs in both regression
models. The GAM model was able to reveal the
non-linear relationships and complex, threshold-
driven interactions between variables such as
distance to residential area, distance to road,
distance to agricultural land, wind effect, elevation
lands, whereas the LR model analyzed these
relationships linearly. The results showed that the
GAM model achieved higher predictive accuracy
for identifying deforested areas with an Area Under
the Curve (AUC) of 0.978, kappa index of 0.87,
sensitivity of 0.95 and specificity of 0.93, compared
to the LR model's AUC of 0.895, kappa index of
0.73, sensitivity of 0.85 and specificity of 0.78. The
performance comparison of the two models using
DeLong’s test showed an AUC difference of 0.083,
which was statistically significant (p-value < 0.01).

The 95% confidence interval for this difference
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ranged from 0.035 to 0.131, confirming the superior
predictive accuracy of the generalized additive
model. The findings indicate that the use of flexible
models like GAM can be an effective tool for risk
zoning, environmental assessment, and designing
conservation policies, especially in heterogeneous
and complex ecosystems like the Hyrcanian forests,
where degradation is influenced by the interaction
of both natural and human factors.

Extended Abstract

Statement of the problem: The Hyrcanian forest
cover in northern Iran, with its distinctive plant
species and high biodiversity, holds a vital role in
maintaining regional environmental balance,
regulating water flows, preventing soil erosion, and
mitigating the consequences of global warming.
Despite their ecological significance, these forests
are increasingly threatened by a combination of
anthropogenic and environmental pressures,
making the accurate identification and prediction of
areas at risk of degradation essential for effective

forest management.

Purpose: This study aimed to enhance the spatial
modeling of forest degradation in the Nav forests of
Nav, Asalem, by comparing the predictive
performance of Logistic Regression (LR) and
Generalized Additive Models (GAM), focusing on
capturing complex and nonlinear interactions
among environmental and human-related factors.

Methodology: A total of 14 predictor variables,
geographic,
anthropogenic factors—including elevation, slope,
slope aspect, slope length, plane curvature, land

encompassing climatic, and

form, wind effect, distance to road, distance to
residential area, distance to agricultural land, annual
precipitation, minimum temperature, mean
temperature, and maximum temperature—were
initially considered. To reduce multicollinearity,
slope aspect, land form, and plane curvature were
excluded from the final modeling. Forest

degradation was operationally defined as the
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irreversible conversion of forest ecosystems into
non-forest land uses due to human interventions or
natural disturbances, with minimal potential for
mid-term recovery. Using high-resolution field
surveys, 156 forest degradation hotspots were
precisely mapped within the study area. 70 percent
of the dataset was allocated for model training and
30 percent for validation. Model performance was
evaluated using the Area Under the Curve (AUC)
and Cohen’s Kappa coefficient.

Results and Discussion: LR results indicated that
elevation, distance to road, distance to residential
area, distance to agricultural land, annual
precipitation, and minimum and mean temperatures
were significant predictors of forest degradation.
GAM, by contrast, captured the nonlinear
relationships and revealed a stronger influence of
anthropogenic factors, in addition to elevation and
wind effect, on the probability of degradation.
Partial dependence analyses demonstrated that
degradation probability generally decreased with
increasing distance to road up to approximately
1,000 meters, followed by a gradual increase and a
secondary rise at greater distances. This pattern
highlights the role of roads as facilitators of forest
access, thereby amplifying degradation risk, while
remote areas experience reduced anthropogenic
pressure. The relationship between distance to
residential area and forest degradation exhibited a
more complex, non-linear pattern. Overall, the
probability of degradation declined up to about
4,500 meters, reflecting reduced exposure to
activities such as wood harvesting, land conversion,
and infrastructure development, which are typically
concentrated near human settlements. For distance
to agricultural land, an oscillatory trend was
observed, indicating that forests adjacent to
croplands are more susceptible to continuous
degradation due to expansion for cultivation and
grazing. Elevation consistently exhibited a
declining effect on degradation risk, with higher-
altitude forests less accessible and therefore less
prone to exploitation, while lower-elevation areas
face greater anthropogenic pressures. Wind effect
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showed an initial slight decline in degradation
probability, followed by a sharp increase at higher
wind indices. Ecologically, strong winds can
directly damage trees and indirectly elevate fire
susceptibility by drying surface fuels, which is
particularly relevant in the densely vegetated
Hyrcanian forests with high fire potential during
warm seasons. Human activities, such as waste
burning, tourism, or intentional land clearing, can
further amplify fire risk in combination with wind,
reinforcing its role as a key driver of degradation.
Model comparison confirmed the superior
predictive performance of GAM, achieving an AUC
0f 0.978 and a Kappa coefficient of 0.87. DeLong’s
test indicated a statistically significant difference
between LR and GAM (AUC difference = 0.083, p
< 0.01), with a 95% confidence interval ranging
from 0.035 to 0.131. These results demonstrate that
GAM is more suitable for high-resolution
applications, regions  with
heterogeneous environmental conditions, providing

especially in

more accurate and reliable risk maps for forest
management

Conclusion: The findings of this study carry
important practical implications for conservation

planning. The use of advanced nonlinear models
such as GAM is recommended as a primary tool for
zoning areas at risk of degradation in spatial
planning and environmental assessment
frameworks. Establishing multifunctional buffer
zones near roads and agricultural lands can mitigate
both ecological and anthropogenic pressures. In
regions characterized by low precipitation and high
temperatures, seasonal or regional restrictions on
forest utilization are advised to limit further
degradation. The study emphasizes the importance
of flexible, evidence-based decision-making
approaches capable of adapting to spatiotemporal
variations in degradation patterns, thereby
supporting sustainable management of the
Hyrcanian forests. Moreover, the application of
GAM provides valuable insights for other
ecological domains, including climate change
modeling and natural resource management under
human pressures, enhancing our capacity to
understand, predict, and respond to complex
environmental challenges.

Keywords: Forest degradation, Hyrcanian forests,

GAM, Spatial modeling.
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