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Abstract
Recent dust and droughts caused stress to physiological weakness of oak trees, so that insect
outbreaks and pathogens lead to decline of oak trees in the Zagros forests. In addition to evaluate
the effects of physiographic factors (elevation, slope and aspect) on the amount and distribution
of decline, the objective of present study was to make a model of decline of Quercus brantii species in semi-arid forests of Iran. For this purpose, 509 hectares of Zagros forests, known as Dalab forests in Ilam province, were selected. Based on systematic-random sampling method, 100
circular plots (2000 m2) were measured in grid inventory of 200×250 m dimensions. In each plot,
physiography factors and percentage of decline were measured. ANOVA and Duncan tests were
used to compare the decline of oak trees in different physiography factors. Then, an individual
tree decline models were developed with a data set from a total of 1370 oak trees. To evaluate
the effects of physiographic factors on the decline of oak trees, a logistic regression model was
used. Omnibus test, log-likelihood, and pseudo r-square coefficients were used to evaluate the
logistic regression model. The results showed that physiography factors had significant effects
on the decline of oak trees. Also, the results showed that with increasing slope and elevation,
the decline of oak trees was increased. Lowest and highest declines belonged to east and south
aspects, respectively. Values of both statistics related to the pseudo determination coefficient are
acceptable (0.395 and 0.584), and these values indicated that the three independent variables
of this study had the power of a relatively high explanation of the variance and changes in the
dependent variable of trees decline. The results of this study can be effective in the oak decline
area conservation.
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Introduction
Zagros forests are located in the west of
Iran and cover five million hectares. These
forests are one of the most important and
sensitive habitats for oak species that are
classified as semi-arid and consist 40 %

of Iran’s forests. These forests provide
various non-timber products, services
and have multiple socio-economic and
ecological functions. Due to uncontrolled
cutting and overgrazing, Zagros forests
have become degraded and have very
low density. Natural regeneration is near-
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ly non-existent, and severe soil erosion
exposes the basic rock (Azizi et al. 2008,
Marvi-Mohajer 2007). One of the main
problems of Zagros forests is the decline
of oak trees. Oak decline is characterized
by crown thinning, foliar necrosis and progressive death of primary leaf-bearing
branches and the emergence and subsequent decline of foliage. The condition
of tree crowns is an important indicator
of tree and forest health. A range of biotic and abiotic factors has been shown
to contribute to the decline. However, no
satisfactory investigation has been established to explain the distribution. The
decline of Zagros forest ecosystem is a
multidimensional phenomenon that various factors such as climate change, dust,
lack of tree regeneration due to agriculture in the understorey, soil impaction due
to livestock movement and oak pest and
diseases are involved (Hamzehpour et
al. 2011). Quantification and modelling of
stand changes are important to the management of forest ecosystems. Therefore,
forest modelling has been an intrinsic part
of forest management planning and research for more than two centuries (Burnham 2002, Zheng and Zhou 2010, Lu et
al. 2003). The majority of models operate
at the stand-level and predict stand-level
changes such as mortality and decline to
provide information needed to estimate
conservation costs, expected the yield
and the financial result (Sheykholeslami
et al. 2011). The key ingredient for obtaining a good decline model is a data
set that is both large and representatives
of the population under study. In many
studies, linear and nonlinear regression
was used for modelling of different tree
variables in forests. Nonlinear regression
including logistic, exponential and Chap-

man-Richard was used in different studies
for modelling of the crown ratio of different species (Popoola and Adesoye 2012,
Fu et al. 2015). Individual tree mortality
models were developed for the six major
forest species of Austria: European beech
(Fagus sylvatica L.), European larch (Larix decidua Mill.), Norway spruce (Picea
abies (L.) H. Karst.), Silver fir (Abies alba
Mill.), Scots pine (Pinus sylvestris L.) and
oak (Quercus spp.) by Monserud and
Sterba (1999). Shifley et al. (2006) studied
the oak mortality risk factors and mortality
estimation in eastern North America and
showed that mortality rates for trees in the
red oak group were four to six times greater than mortality rates for associated trees
in the white oak group. Also found that red
oak group mortality was signiﬁcantly related to tree crown class, tree diameter, and
basal area of larger competitors. Kabrick
et al. (2008) investigated the role of environmental factors in oak decline and mortality in the Ozark Highlands and showed
that red oak mortality is more prevalent
on droughty and nutrient-deﬁcient sites
because red oak group species are more
abundant there. Fan et al. (2008) used
logistic regression to study the oak mortality associated with crown dieback in
the Ozark Highlands of Missouri and results of logistic regression showed that
oak mortality was mainly related to crown
width and dieback, and failed to detect
any signiﬁcant link with the number of oak
borer emergence holes. The objectives of
present study were to evaluate the effect
of physiographic factors (elevation, slope
and aspect) on the amount and distribution of oak decline trees and decline modelling of oak trees under effects of physiographic factors for Quercus brantii Lindl.
species in semi-arid forests of Iran.
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Material and Methods
Study area
The study area covered 509 ha in Dalab forests at 46°22ʹ07″ E to 46°24ʹ24″ E
and 33°41ʹ56″ N to 33°43ʹ32″ N (Fig. 1).
There was no permanent residential land
in the study area, but dairy farmers and
locals generally used the area for animal
husbandry for about 2-4 months during
spring and summer every year. The forests were under heavy pressure of livestock grazing, excessive cutting of trees
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and shrubs to supply fuel wood. The original vegetation of the study area was an
uneven-aged mixed forest dominated by
Quercus brantii, mixed Quercus brantii
– Pistacia atlantica – Acer cinerascens,
and mixed Daphne mucronata – Amygdalus orientalis. This area has a semi-arid
climate based on the Emberger climate
classification. Elevation ranges from 1450
to 1750 m a.s.l. and mean annual precipitation and temperature are 571.5 mm and
16.7 °C, respectively. In the main types
division of lands, the study area was located in the mountain type and based on
soil properties and their classification by

Fig. 1. Location of study area.
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FAO, its soils are classified as lithosols
(Rostami and Heidari 2009, Mirzaei and
Bonyad 2016).
Methods
In order to collect data, 100 circular plots
(2000 m2) were measured in inventory grid
of 200×250 m. In each plot, physiographic factors including elevation (1450–1550,
1550–1650 and >1650 m a.s.l.), slope
(0–25, 25–50 and >50 %) and aspect
(North, South, East and West) were measured and recorded. Also the existence or
non-existence of decline in oak trees was
recorded. In total, 1370 oak trees were
measured.
Logistic regression was used in order
to modelling individual tree decline for oak
trees. Logistic regression is a statistical
method for analysing a dataset in which
there are one or more independent variables. The equation of logistic regression
(Long 1997, Pampel 2000, Hosmer and
Lemshow 2000) is the following (Equation
1):

P( decline ) =

1
1 − e −α+β1 X1 +β2 X 2 +...+βn X n

(1),

where: α is intercept, e is Naperian constant, β1 to βn is set of regression coefficients and X1 to Xn is the independent
variables.
ANOVA and Duncan tests were used to
compare tree decline in different classes of
physiographic factors. Logistic regression
was used to investigate the relationship
between oak decline and physiographic
factors. Omnibus test, log-likelihood and
pseudo r-square coefficients (including of
Cox & Snell R square and Nagelkerke R

square) were used for evaluation of the
logistic regression model (Hosmer and Lemeshow 2000, Heydari et al. 2015). The
values of the pseudo r-square coefficient
stats are between 0 and 1, and the more
these statistics are closer to 1, it shows that
the role of independent variables is high in
the explanation of the variance of dependent variable. Also, Hosmer and Lemeshow
test was performed fitting of the predicted
changes in the dependent variable (Hosmer and Lemeshow 2000, Heydari et al.
2015). Excel ver. 2013 (Microsoft Ofﬁce)
and IBM SPSS Statistics ver. 22 software
were used for analysis of data.

Results
Descriptive statistics of the oak decline
showed that 34.69 % of Dalab forests
were decline in the study area. These
statistics related to the oak decline are
shown in Table 1.
The ANOVA test showed that there
was a significant difference between oak
decline in different slope classes (Table
2). According to Table 3, by increasing the
percentage of slope factor, the oak decline was increased. Duncan test showed
that the slope factor had significant effects
on the decline of oak trees (Table 3).
The results showed that there was a
significant difference between oak decline
in the geographic aspects (tables 4 and 5).
According to Table 5, the lowest and highest values of oak decline belonged to the
east and south aspects, respectively. Also
Duncan test showed that all geographic
aspects had a significant difference in the
oak decline values (Table 5).
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Table 1. Descriptive statistics of oak trees decline in study area.
Variable
Decline

Mean, %
34.69

SD
9.22

CV, %
26.57

SE, %
5.31

Note: SD is standard deviation, CV is coefficient variation, SE is sampling error.
Table 2. ANOVA test of tree decline in different slope classes.
Indicator
Between Groups
Within Groups
Total

Sum of squares
7230.48
1875.13
9105.615

d.f.
2
97
99

Mean square
3615.24
19.33

F
187.01

Sig.
0.000*

Note: d.f. is number degrees of freedom, * is significant difference at the 0.05 level probability.
Table 3. Comparison mean of decline in different slope classes.
Slope classes, %

N

0–25
25–50
> 50

29
42
29

1
23.99

Subset alpha = 0.05
2

3

34.48
46.30

Table 4. ANOVA test of tree decline in different aspect.
Indicator
Between Groups
Within Groups
Total

Sum of squares
7538.981
1566.634
9105.615

d.f.
3
96
99

Mean square
2512.994
16.319

F
153.991

Sig.
0.000*

Note: * is significant difference at the 0.05 level probability.
Table 5. Comparison mean of decline in different aspect.
Aspect
North
South
West
East

N
11
18
42
29

1
26.54

The results of ANOVA showed that elevation had significant effects on the oak
decline (Table 6), so that by increasing of

Subset alpha = 0.05
2
3

4

46.30
34.48
19.82

elevation, the oak decline was increased
(Table 7).
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Table 6. ANOVA test of decline in different elevation.

Indicator
Between Groups
Within Groups
Total

Sum of squares
1161.97
7943.64
9105.615

d.f.
2
97
99

Mean square
580.98
81.89

F
7.09

Sig.
0.001*

Note: * is significant difference at the 0.05 level probability.
Table 7. Comparison mean of decline in different elevation.
Elevation
classes, m
1450–1550
1550–1650
1650–1750

N

1
31.07

41
26
33

38-96

Table 8. Omnibus test of model coefficients.
Chi-square
36.638
688.716
688.716

d.f.
2
7
7

3

35.67

According to the results of the Omnibus test, the fit of the model was acceptable and at a level of error less than 0.01
was significant. The results of Omnibus
test are shown in Table 8.

Indicator
Step
Block
Model

Subset alpha = 0.05
2

Sig.
0.000
0.000
0.000

The values of both statistics related
to the pseudo determination coefficient
were acceptable (0.395 and 0.584), and
these values indicated that the three independent variables of this study had the
power of a relatively high explanation of
the variance and changes in the dependent variable of oak decline. In fact, these
three variables have been able to explain
between 39.5 % and 58.4 % of the variations in the oak decline (Table 9). Also,
the results of Hosmer and Lemeshow test
showed that the research model was ap-

propriate and has the necessary fit (Table 10).
Table 9. Results of model summary.
-2 Log
likelihood
855.369

Cox & Snell
R square
0.395

Nagelkerke
R square
0.584

Table 10. Hosmer and Lemeshow test of
model.
Chi-square
360.579

d.f.
6

Sig.
0.000

Results of variables entered on the
model are shown in Table 11. The results
of Wald statistic showed that all independent variables entered in the regression
analysis were capable of predicting changes of dependent variable and their predictive ability at the probability level of 0.01
was significant. Also, the results of Exp (B)
statistic showed that among the variables
entered on the model, the slope variable
has the highest ability to predict the impoverishment of trees, and the lowest ability
was related to the elevation variable.
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Table 11. Results of variables entered on model.
Variable
E
E1
S
S1
S2
A
A2
A3
Constant

B

S.E.

2.894

0.443

-1.159
-1.830

0.343
0.311

-1.577
1.874
-0.505

0.426
0.423
0.237

Wald
110.073
42.685
35.621
11.428
34.675
77.246
13.702
19.659
4.538

Sig.
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.033

Exp (B)
18.062
0.314
0.160
0.207
6.512
0.603

Note: E is elevation, E1 is elevation in 1450–1550 m a.s.l., S is slope, S1 and S2 are slope in
0–25 and 25–50 % respectively, A is aspect, A2 and A3 are aspect in south and east respectively.

According to the results of Table 8,
logistic regression model for oak decline
trees is as follows (Equation 2):
P(decline) = 1/(1 + exp (– 0.505 + 2.894 E1
– 1.159 S1 -1.830 S2 – 1.577 A2 + 1.874
A3))		
(2),
where: E1 is elevation in 1450–1550 class,
S1 and S2 are slope in 0–25 and 25–50 %
respectively, A2 and A3 are aspect in south
and east, respectively.

Discussion
The finding of present study showed that
34.69 per cent of Dalab forests were affected by the decline phenomenon (Table
1), which indicates that management operations should be taken as soon as possible to control and prevent the spread of
oak decline in these forests. Evidences
revealed that most of oak decline were
located in areas that are classified as
rain-fed agriculture and were affected by
severe human intervention and exploitation in the region. In fact, the interaction
of severe climate stresses, interferences
and the presence of humans in the region has provided the necessary ground
for increasing the decline of forest trees.

The irregular distribution of rainfall and
dry season length have more significant
effect on the oak decline (Hamzehpour et
al. 2011). In the present study, by increasing of slope and elevation factors, the rate
of decline was increased (tables 3 and 7).
Also, the lowest (23.99 %) and the highest
(47.57 %) values of oak decline were in the
slope classes 0–25 and >50 % (Table 3).
Hosseini (2009) and Hosseinzadeh et al.
(2015) reported that with increasing of elevation classes, rate of oak mortality was
increased, which is in accordance with
the results of the present study. Drohan et
al. (2002) in their studies in Pennsylvania
found that decline of maple trees occur
at higher elevation. The effects of slope
percentage on the oak decline were in accordance with the results of Lawrence et
al. (2002), Kabrick et al. (2008), Kane and
Kolb (2011) and Worrall et al. (2008) studies. By increasing the percentage of slope
factor, the density of oak decline trees
was increased and the density of healthy
trees was decreased. In fact, by increasing the percentage of slope, moisture, soil
depth and litter thickness decreases and
these factors cause physiological weakness of the trees (Momeni Moghaddam et
al. 2012). As the results show, the highest
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value of oak decline was in the southern
and western aspects (tables 4 and 5).
Sunlight intensity is higher in the western
and southern aspects, providing more direct light and heat energy, which causes
increasing the temperature, evapotranspiration and loses moisture. While the northern and eastern aspects receive low energy, so these aspects are cooler. Trees that
are more restricted in the water condition
(sun-directed) are more susceptible to
drought (Suarez et al. 2004). Hosseinzadeh et al. (2015) showed that the rate of
oak decline was higher in the southern
than in the northern aspect, which is in accordance with the results of present study.
Also, the results of this study are based
on the results of Eckhardt and Menard
(2008), which found physiographic factors
of slope and aspect affecting pine (Pinus
taeda L.) mortality in Central Alabama.
Gerardin and Ducruc (1990) showed
that the steep slopes in the sunshine directions in case of low rainfall are prone
to soil drought and propagation drought
stress for forest species. Extensive oak
mortality and unprecedented abundance
of oak borer populations are significant
threats to forest health and economic value of timber. Regionally, there is a need
to (1) identify trees and stands that are at
high risk for oak decline, (2) forecast the
mortality risk for individual trees within declining stands, and (3) select silvicultural
treatments to mitigate decline.
The fitting and evaluation of models
are an important part of modelling. According to the results of the Pseudo determination coefficient and Log-likelihood
statistics (Table 9), it can be concluded
that the logistic regression model of the
study consists of three independent variables (elevation, slope and aspect) and
dependent variable (decline) is a good
model and the set of independent vari-

ables is capable of explaining the changes of decline. In other words, the set of
independent variables have been able to
explain 39.5 % to 58.4 % of the variations
of decline variable (Table 9). Leites et al.
(2009) showed that the logistic regression
model has a high accuracy in estimation
of the crown ratio for conifer forests in
the United States that is in accordance
with the results of this study. Mahdavi et
al. (2015) using the logistic regression
model and geographic information system
showed that with increasing elevation in
the western and southern aspects, forest
cover density was increased and in areas
with shallow soils and steep terrain the
amount and distribution of dead standing
oak trees were increased. Oak decline is
widespread in the west of Iran that few
studies have been done in this area, and
consequently, specific causes for the
phenomenon remain elusive. In general,
physiographic factors are one of the most
important sources of change in forest ecosystems (Bale et al. 1998). Although understanding their effects are complex due
to the interaction of various factors, but an
important part of it is due to light regulation and moisture regime (Kaufmann and
Ryan 1986, Griffiths et al. 2009). Therefore, due to differences in the factors
mentioned in different ecosystems, the
comparison of the results of the present
study with the results of other studies is
not correct, but according to the results of
this study and other researchers, it can be
stated that the physiographic factors are
very important in the estimation of quantitative characteristics of forest.

Conclusion
Oaks are major component of the Zagros
forests but due to decline phenomenon,

Decline Modelling of Oak Trees Under Effects ...

vast area of these forests has been lost.
Slope, aspect and elevation of physiographic factors affected the decline of oak
trees. By increasing slope and elevation,
percentage of the oak decline was increased. Determining the effects of these
factors helps to identify areas that are in
this situation or are at risk of developing a
phenomenon of decline. It should be stated that quantitative and qualitative characteristics of each forest are a function of
physiographic factors, the microclimate of
the region, management and operation
of the forest, geographical location, environmental and soil factors, species types
and other factors. Also, logistic regression
model that was used through our analyses can be used to estimate decline from
knowledge of slope, aspect and elevation, information that is routinely collected
during forest inventories. These models
can be used to guide marking prescriptions during thinning and harvesting operations.
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