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ABSTRACT 

 

 

Haydari Naserabad, S. Salehi, A. Azizi, Z. and Firoozy Nejad. M. 2018. Monitoring the Decline of Persian oak 

in Iran using Remote Sensing – Case study of Basht forest. Lebanese Science Journal, 19(1): 67-73. 

 
Oak forest decline is a complex problem that it has started for a long time ago in the world. This problem is 

widely spread because of lacking of efficient and reliable facilities for monitoring these forests. In this research, the 
pattern of spatial-temporal distribution and decline of Iranian Oak stands in the Basht forest was monitored using 
remote sensing. The area of study is located in the provinces of Kohgilouyeh and Boyer Ahmad in Iran. After selecting 
the study area, forest visits were carried out and samples of dead trees were collected. Based on the oak crown decline 
attack, the forest was divided into four categories: low (crown dieback 20-0 percent), medium (between 40-20% of 
crown dieback), high (between 60-40%) and severe (more than 60% crown dieback). The geographical locations of 
the harvested trees were recorded using global positioning system   (GPS).  In order to determine the most appropriate 
vegetation index, root mean square error (RMSE) for 12 vegetation indices were calculated from Landsat 8 images. 

The results of this study proved that ratio vegetation index (RVI) indicator with the lowest RMSE was an appropriate 
tool for assessing the status of the Iranian Oak forests. Finally, in order to study temporal changes of the Oak forests, 
dieback canopy variance and RVI for 6 years (1987, 2000, 2003, 2009, 2013 and 2014) were computed from different 
Landsat images. The computed indices indicated that crown freshness witnessed significant and continuous decrease. 
 
Keywords: Oak forests, GIS, landsat image, vegetation indices. 
 

INTRODUCTION 

 

The degradation of oak forest is a result of the interaction between biotic and abiotic factors which leads to 
trees dieback and gradual loss of the forest cover (Hosseini, 2001). Forest cover has been degrading very fast, with tree 
color changes from green to brown (Mirabolfathy, 2014; Fan et al, 2012). Several factors such as low rate rainfall, high 
temperatures, drought duration as well as the dust emission and human interference, could all contribute to this dieback 
(Hamzehpour et al., 2011). The incidence of this dieback in addition to the spread of pests and diseases are primary 
causes that threaten the oak forest of Zagros today (Hosseini, 2001). Several studies by local experts reported dieback 
spread and mortality of oak trees. In 2008, in Ilam and Lorestan provinces of Iran, fast degradation of Zagros oak trees 
was observed (Mirabolfathy, 2014). The use of remote sensing technology such as imagery of Landsatt, detect and map 

damaged and dead trees, is a useful tool to monitor forest health because of its lower cost, larger coverage, ease of 
processing and providing data on time (Mäkelä and Pekkarinen, 2004). Wang et al. (2004), reported that for appropriate 
forest management systems practitioners need to access real-time information on the quality of the trees to timely 
develop control measures. The use of remote sensing technology to recognize the spectral data and identify the spatial 
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distribution of damaged and healthy stands is thus extremely important (Zakeri and Falahshamsi, 2014). Bozorgmehr 
et al (2014), investigated ash dieback in the Chahar Tagh’s forest of Iran and compared ETM satellite imagery and 17 
vegetation indexes. The results of their study showed that the following indicators perpendicular vegetation index 1 
(PVI1), perpendicular vegetation index 3 (PVI3), weighted difference vegetation index (WDVI), transformed soil 
adjusted vegetation index (TSAVI), had the following correlation values 0/15, 0/21, 0/21 and 0/22, respectively, and 
were the most relevant to the tree crown dieback. 

In recent years, the forest cover of south Zagros, especially persian oak, has been degrading due to unforeseen 
reasons (Zakeri and Falah Shamsi, 2014). The flexibility of some remote sensing satellites with respect to the temporal 

resolution makes it possible to recognize the spatial distribution patterns of Oak and map its decline in dead stands. 
This research aimed to determine the temporal degradation of the oak forest and the distribution of Iranian oak in the 
last three decades using remote sensing. 
 

MATERIALS AND METHODS 

 

Study Area 

 

This study was carried out in AbkhizBasht forest at southwest Kohgiloyeh and Boyerahmad in Iran.  Major 
forest cover is broad leaf trees, especially Iranian oak. The study area is located between longitude 30° 17 ' 19" to 30º 
23' 54" N and latitude 51° 7' 50" to 51°13' 46" E, which covers around 150 hectares of land area (Fig. 1). The slope 
gradient ranged between 7 and 70% and the elevation varied from 600 to 1500 meters. The slope direction is south and 
west, and based on De Martonne index the climate area is semiarid (Ghasemi Far and Naserpur, 2015). 

 
 Figure 1. The location of study area in Kohgiloyeh and Boyerahmadin the province of Iran. 
 

Data and Methodology 

 
In this study, Landsat 7TM and ETM images, (path 163 and row 39) for the 6th of April 1987, 2000, 2003, 

2004, 2006 and 2009, and Landsat 8, for the years 2013 and 2014 were used. The software ENVI 4.8, Arc GIS 10, 

EXCEL and SPSS were also used. 
 
Radiometric corrections were calculated before vegetation indices, the radiometric correction of OLI images 

were performed by using Equation 1, image metadata files and ENVI 4.8 software (Feyzizadeh et al, 2016). 
 

Equation 1:          Lλ = MLQCal + AL 

 
𝐿𝜆= Spectral radiance upper atmosphere (Watts/ m2* Srad*µm) 

ML and AL = Conversion ratio 
QCal = Satellite image 
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When red and near-infrared bands data were compared to other spectra showed a higher correlation with the 
oak decline. In order to evaluate the Oak crown dieback, the vegetation indices based on the combination of red and 
near-infrared bands were used. To verify the period of oak stands decline, 12 vegetation indices were calculated (Table 
1) using Landsat 8 images (Sepehri, 2002; AlaviPanah and Ehsani, 2003; Jabbari et al., 2011).  

 
 

Table1. Vegetation indices formulas used to identify the dieback of oak stands in Iran. 

 

Index Formula References 

NDVI 
𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 𝑅𝐸𝐷
 Rouse et al 1996 

DVI 𝑁𝐼𝑅 − 𝑅𝐸𝐷 Tucker et al 1979 

RDVI √𝑁𝐷𝑉𝐼 × 𝐷𝑉𝐼 Breon& Roujean,1995 

CTVI 
𝑁𝐷𝑉𝐼 + 0.5

𝐴𝐵𝑆(𝑁𝐷𝑉𝐼 + 0.5)
+ √𝐴𝐵𝑆(𝑁𝐷𝑉𝐼 + 0.5) Eastman,1995 

TTVI √𝐴𝐵𝑆(𝐷𝑉𝐼 × 0.5) Eastman,1995 

RVI 
𝑅𝐸𝐷

𝑁𝐼𝑅
 Mather,1999 

NRVI 
𝑅𝑉𝐼 − 1

𝑅𝑉𝐼 + 1
 Eastman,1995 

SR 
𝑁𝐼𝑅

𝑅𝐸𝐷
 Birth & McVey,1968 

SAVI 
(1 + 𝐿)(𝑁𝐼𝑅 − 𝑅𝐸𝐷)

𝑁𝐼𝑅 + 𝑅𝐸𝐷 + 𝐿
 Huete,1988 

SAVI1 
𝑁𝐼𝑅

𝑅𝐸𝐷 +
𝑏

𝑎

 Major et al,1990 

OSAVI 
(1 + 𝐿)(𝑁𝐼𝑅 − 𝑅𝐸𝐷)

𝑁𝐼𝑅 + 𝑅𝐸𝐷 + 𝐿
 Rondeaux et al,1996 

MSAVI2 𝑁𝐼𝑅 + 0.5 − √(𝑁𝐼𝑅 + 0.5)2 − 2(𝑁𝐼𝑅 − 𝑅𝐸𝐷) Qi et al, 1994 

 
The Iranian oak declined between the years of 1987 and 2014 as proven by calculating 12 indicators 

(normalized difference vegetation index (NDVI), divergence vegetation index (DVI), ratio vegetation index (RDVI), 
corrected transformed vegetation index (CTVI), Thiam’s transformed vegetation index (TTVI), ratio vegetation index 
(RVI), normalized ratio vegetation index (NRVI), simple ratio (SR), soil -adjusted vegetation index (SAVI), soil -
adjusted vegetation index Ι (SAVI1), soil -adjusted vegetation index (OSAVI), modified soil adjusted vegetation index 

(MSAVI2)) using Landsat satellite images and the results were verified using field data. The verification showed that 
RVI had the lowest root mean square error (RMSE= 0.001) (Table 2). Accordingly, this index was used to investigate 
the causes of oak degradation for all years (1987, 2000, 2003, 2009, 2013 and 2014) and categorized in 4 classes of % 
decline of tree crowns (0-20%, 20-40%, 40-60 % and more than 60%).To compare the mean decline level (%) for 4 
classes, 6 different years were used in the analysis of variance with repeated measures (Susan et al., 2009). The 
assumptions considered for this test included data normality and homogeneity of covariance. To normalize the data, 
the Kolmogorov-Smirnov test was used (Hosseini, 2001), and to investigate the homogeneity of covariance, the 
Mauchly's sphericity test was applied. It is a statistical test used to validate repeated measures analysis of variance 

(ANOVA). Based on the results of F-test, LSD test was used. 
 
 
 
 
 
 
 

https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Repeated_measures_design
https://en.wikipedia.org/wiki/Repeated_measures_design
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Table 2. A comparison of bias and RMSE of vegetation indices of OLI images. 

 

Vegetation Index bias RMSE 

TTVI 0/24 0.02 
SR -1/25 10.49 
SAVI2 -1/00 4.37 
SAVI 0/01 0.00 

RDVI 0/02 0.00 
OSAVI -0/02 0.00 
RVI -0/00 0.00 
NRVI 0/40 0.14 
NDVI -0/07 0.00 
MSAVI2 0/02 0.00 
DVI 0/06 0.00 

 

The results of Mauchly's sphericity test for different dieback classes (0-20%, 20-40%, 40-60% and more than 
60%). showed that all classes were significant at 5% level (Table 3). This confirmed the assumption of homogeneity 
of variances which can be used in the analysis of variance with duplicate measurements. 

 

Table 3. Results Mauchly's sphericity test of different dieback classes on the homogeneity of covariance. 

 

 
The results of analysis of variance between decline classes in different years, revealed that there was a significant 
difference at the alpha level (significance level) of 5%. This difference was observed in classes of 0-20%, 20-40% 
percent in 1987-2009, and classes of  40-60%  in 1987-2013 and more than 60% in 1987- 2003, 1987 -2009, 1987-
2013 and 1987-2014 years (Table 4). Crown freshness has decreased significantly between the years of 1987 and 2014. 

Accordingly, the average crown freshness in 1987 was 0/88, whereas it reached 0/362 in 2014 (Fig. 2). 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

 

Decline classes 

(%) 

The effects of intra-

group 

Significance Mauchly's test of 

sphericity 

Chi-square 

0-20 factor 0/09 0/01 27/74 
20-40 factor 0/06 0/00 16/84 

40-60 factor 0/10 0/05 26/34 
>60 factor 0/30 0/55 58/27 
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Table 4. A comparison of the average LSD decline in different time periods. 
 

**=Significant at 1%, ns= not significant. 
 

 
Figure 2.  The results of average crown freshness trend (1987-2014). 

 

DISCUSSION 

 
To monitor and evaluate the current status of the oak forests in Iran, a number of vegetation indices were 

calculated for different Landsat images which covered different time periods. Based on the validation of the indices 
with field data, RVI index showed the lowest RMSE compared to the other indices. 

 

RVI index helped in reducing the effect of soil cover on the forest cover (Mather, 1999; Smith et al., 1990; 
Rondeaux et al. 1996). Compared average of the decline of Iranian oak in four classes (0-20, 20-40, 40-60 and >60%) 
indicated a decrease of the crown freshness in the six time periods (1987, 2000, 2003, 2009, 2013 and 2014). The 
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F-ratio 

 

sig Standard 

Error 

Mean difference of 

the Year 

 

0-20 

2000 1987  

 
22/87 

 
 

54/0 0/02 0/01𝑛𝑠 

2003 17/0 0/01 0/02𝑛𝑠 

2009 0/00 0/01 0/10∗∗ 

2013 0/00 0/01 0/10∗∗ 

2014 0/00 0/01 0/40∗∗ 

20-40 2000 1987  
 
 

26/66 

0/20 0/00 0/04𝑛𝑠 

2003 0/19 0/01 0/17𝑛𝑠 

2009 0/00 0/00 0/22∗∗ 

2013 0/00 0/00 0/53 

2014 0/00 0/00 0/53∗∗ 

40-60 2000 1987  
 
 

38/24 

0/10 0/01 0/19 

2003 0/00 0/01 0/19∗∗ 

2009 0/00 0/01 0/22∗∗ 

2013 0/00 0/02 0/23 

2014 0/00 0/01 00/54∗∗ 

>60 2000 1987  
 
 

39/14 

0/07 0/02 0/07𝑛𝑠 

2003 0/00 0/03 00/14∗∗ 

2009 0/00 0/02 0/21∗∗ 

2013 0/00 0/03 0/31∗∗ 

2014 0/00 0/02 0/56∗∗ 
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decreased average in crown freshness in all classes demonstrated a continued decline of Iranian oak.. In other words, 
oak crown decline in 2014 was more noticable than in other time periods assessed in this study, and agrees with the 
findings of Susan et al. (2009) and Wang et al. (2008). 
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